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PREFACE TO NEW EDITION. 


JN this edition, all the Type Designs of the Madras Sanitary Board which were 
in force on the 1st June 1916 are included in the illustrations. 

In each plate are given the numbers of the design and of the proceed- 
ings of the Madras Sanitary Board with dates. 

The matter of the letter-press has been revised and supplemented to 
accord with the latest syllabus in Minor Sanitary Engineering as issued by the 
Government of Madras in June 1914. The specification reports and| abstracts 
of the schedules of quantities of all the designs now included in the volume of 
plates are given in the letter-press. 

I trust that the volumes in their present improved form will be found 
to satisfy all the requirements, in this branch of their work, of Sanitary 
Inspectors, Medical Officers of Health, Municipal Authorities and Local Boards. 


PiLATHOPE, 

Mvlaporb, Mabbas, S 
lOth July 1916, 


P. S. KEISHNASAML 



PREFACE TO FIRST EDITION. 


CONSIDEKING the grave importance attached to the training in the subject of 
Minor Sanitary Engineering of Sanitary Inspectors and Medical Sanitary Assis- 
tants in this Presidency it is remarkable that no book deafog with this subject 
and satisfying the requirements of the syllabuses prescribed by the Government 
of Madras has been issued. This defect was forcibly impressed upon me when 
preparing my lectures for the classes in Minor Sanitary Engineering. Convinced 
of the necessity for a suitable text-book that should deal with all the various 
matters which fall within the compass of the approved syllabuses, I have pre- 
pared the present Volumes in which I have endeavoured to bring together, in a 
concise and practical manner, such information as I believe is most needed by 
those to whom these Volumes are primarily intended. 

In this era of intense interest in all matters relating to public health and 
practical sanitation, no defence is needed for the presentation of a new book on 
the subject. This book contains no new theories and no references to methods 
which have not proved satisfactory in actual use. As an offset to this lack of 
originality there will be found in the following pages and illustrations consider- 
able information on type designs issued by the Madras Sanitary Board never 
before collected in an easily accessible form. The editing of this material has 
been done with the idea of making the result of service to Sanitary Inspectors, 
Medical Officers of Health, Municipal Authorities and Local Boards. 

If the book fulfils its mission of being a suitable text-book in Minor 
Sanitary Engineering in accordance with the approved syllabuses I shall feel 
that my effort has not been in vain. If it assists Medical Officers of Health and 
Local bodies, even to a small extent, in the execution of their duties, it would 
fulfil its sanitary mission. Whatever it does, the book is out of my hands and 
will fare as it deserves. 

PHiATHOPB, 

Mtlafoee, Madras, S. 

31st Jammy 1918. 


P. A KRISHNASAMI. 
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Design No. 40 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 514-S., Dated 13-7-1897. 

116. Design For A Mufassal Market: Type 

Design No. 40 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 514-S., Dated 13-7—1897. 

117. Design For A Mufassal Market : Type 

Ilesign No. 40 Issued WTth Proceed- 
; ings Of The Madras Sanitary Board, 
%A14.S.'. fated 1^^ 
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118. Design For A Mufassal Market : Type 

Design No. 40 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 514-S., Dated' 13-7- 1897. 

119. Design For A Mufassal Market: Type 

Design No. 40 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 514-S., Dated 13-7-1897. 

120. Design ForiA Weekly Market Shed F’or 

Mufassal Stations : Type Design 
No. 71 Issued With Proceedings Of 
The Madras Sanitary Board, No. 

579-S., Dated 6-10-1898. 

121. Design For A Weekly Market Shed For 

Mufassal Stations : Type Design 
No. 70 Issued With Proceedings Of 
The Madras Sanitary Board, No. 

579-S., Dated 6-10-1898, 

122. Design For A Weekly Market Shed For 

Mufassal Stations : Type Design 
No. 70 Issued With Proceedings Of 
The Madras Sanitary Board, No. 

579-S., Dated 6-10-1898. 

123. Design For A Weekly Market Shed For 

Mufassal Stations : Type Design 
No. 72 Issued With Proceedings Of 
The Madras Sanitary Board, No. 

579-S., Dated 6— 10— 1898. 

124. Design For A Weekly Market Shed For 

Mufassal Stations : Type Design 
No. 72 Issued With Proceedings Of 
The Madras Sanitary Board, No. 

579-S., Dated 6-10-1898. 

125. Design For A Vegetable, Grain Or Con- 

diment Bazaar Of A Weekly Market, 

126. Design For Fish And Meat Or Beef 

Stalls Of A Weekly Market. 

127. Design For A Dhobikhana. 

128. Design For A Dhobikhana. 

129. Design For A Conservancy Dep6t (A 

Model Design) ; Type Design No. 156 
Issued With Proceedings Of The 
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Madras Sanitary Board, No. 476-S., 
Dated 19 — 5 — 1914. 

130. Design Dor A Conservancy Depot (A 

Model Design) : Type Design No. 156 
Issued With Proceedings Of The 
Madras Sanitary Board, No. 476-S., 
Dated 19-5—1914. 

131. Design For A Conservancy Dep6t (A 

Model Design) : Tgie Design No. 156 
Issued With Proceedings Of The 

Madras Sanitary Board, No. 476-S., 
Dated 19-5-1914. 

1,32. Design For A Conservancy Dep6t (A 
Model Design) : Type Design No. 156 
Issued With Proceedings Of The 

Madras Sanitary Board, No. 476-S., 
Dated 19-5—1914. 

133. Design For A Conservancy Dep6t (A 

Model Design) : Type Design No. 1 56 
Issued With Proceedings Of The 

Madras Sanitary Board No. 476-S., 
Dated 19-5-1914. 

134. Design For A Conservancy Dep6t (A 

Model Design) ; Type Design No. 156 
Issued With Proceedings Of The 

Madras Sanitary Board, No. 476-S., 
Dated 19-5-1914. 

135. Design For A Conservancy Depot (A 

Model Design) : Type Design No. 156 
Issued With Proceedings Of The 
Madras Sanitary Board, No. 476-S., 
Dated 19-5—1914. 

136. Imaginary Plan Shovi^ing Some Of The 

Main Principles Of Town-Planning. 
137* Plan Made In Conformity With The 
Bermingham Bye-Laws Showing Fifty 
Six Houses To The Acre. 

138. Plan Of Lay-Out Of Harborne Tenants 
Limited, Bermingham : (Area, Fifty- 
Three Acres) : Designed By Messrs. 
Martin And Martin, Architects, 106, 
Coimore Bow, Bermingham. 

139* House-Grouping In Town-Planning. 
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140. Plan Of Lay-Out Of A New Extension In 

A Town In The Presidency Of Madras 
As Proposed By Professor Geddes. 

141. Plan Shewing A New Extension As 

First Proposed By A Local Body In 
The Presidency Of Madras. 

142. Plan Shewing The New Extension 

Shewn On Plate 141 As Proposed By 
Professor Geddes. 

143. Plan Shewing A Congested Area And 

Proposals For Belief Of Congestion As 
First Proposed By A Local Body In 
The Presidency Of Madras. 

144. Plan Shewing The Congested Area 

Shown On Plate 143 And Proposals 
For Belief Of Congestion Suggested 
By Professor Geddes. 

145. Plan Shewing The Congested Area 

Shewn on Plate 143 And The Details 
Of The Proposals For Belief Of Con- 
gestion Suggested By Professor Geddes 
To Besult In The Area Being As 
Shewn In Plate 144. 

146. Plan Showing A New Extension In A 

Town In The Presidency Of Madras 
As First Proposed By A Local Body 
And As Bevised By Professor Geddes. 

147. Plan Of Lay-Out Of A Parachery In The 

City Of Madras. 

148. Water-Supply: Diagrams Shewing 

The Several Systems. 

149. Example Of A Population Curve. 

150. Water-Supply: Miscellaneous Illustra- 

tions. 

161. Water-Supply: Miscellaneous Illustra- 

tions. 

162. Design Shewing Arrangement Of Fixing 

A Hand Power Pumping Plant On 
One Side Of A Well. 

153. Design For A Well Fitted With Semi- 
Botary Hand Pump: Type Design 
No. 13;7 Issued With. Prooeedinga Of 
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The Madras Sanitary Board, No. 
554-8., Dated 7-10--1912. 

154. Design For A Well Fitted With Pump 

And Iron Tank With Taps : Type 
Design No. 188 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 554-S., Dated 7-10-1912. 

155. Design For A Well Fitted With Pump, 

Elevated Masonry Eeservoir, And 
Distribution Pipes, Etc : Type Design 
No. 139 Issued With Proceedings Of 
The Madras Sanitary Board, No. 
554-S., Dated 7-10-1912. 

156. Design For An Open Well With 1 Inch 

Semi-Botary Pumps: Type Design 
No. 144 Issued With Proceedings Of 
The Madras Sanitary Board, No. 
413-S., Dated 26-6-1913. 

157. Design For A Deep Well With Pump 

And Iron Tank With Taps Or Masonry 
Reservoir With Taps : Type Design 
No. 145 Issued With Proceedings Of 
The Madras Sanitary Board, No. 
413-S., Dated 26-6-1913. 

158. Design For A Deep Well, (When The 

Maximum Water-Level Is Very Low) 
Fitted With Pumps And Tank: Type 
Design No. 151 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 162-S., Dated 26-2-1914. 

159. Design For Open Wells : Type Design 

No. 160 Issued With Proceedings Of 
The Madras Sanitary Board, No. 
911-8., Dated 10-10-1914. 

160. Design For A Deep Well Fitted With 

Semi-Eotary Hand Pamp : Type 
Design No. 161 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 973-S., Dated 29-10-1914. 
^,161. Abyssinian Tube Wells And Driving 
Plant., , 

162, Design Foi: Sitnple Sanitary Improve- 
I’pj;. Ponsei: ving , yiliage Tank 
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Water Supplies : Type Design No. 114 
Issued With Proceedings Of The 
Madras Sanitary Board, No. 281-S., 
Dated 4-5-1912. 

168. Site Plan Of The Water-Supply Works 
Illustrated On Plates 164, 165 And 

166. 

164. Longitudinal Section Along Suction 

And Del^ery Pipes From Spring Pit 
To Service Eeservoir Shewn On Plate 
163. 

165. Design For An Engine House As Con- 

structed For The Water-supply Of A 
Limited Area In A Municipal Town 
In The Presidency Of Madras. 

166. Design For A Water Eeservoir As Con- 

structed For The Water-Supply Of A 
Limited Area In A Municipal Town 
In The Presidency Of Madras. 

167. General Site Plan Of Water-Supply 

Works As Constructed For A Rural 
Town In The Presidency Of Madras 
And Shewn On Plates 168, 169 And 
170. 

168. Enlarged Bite Plan Shewing The Head- 

Works Of The Water-Supply Scheme 
As Constructed For A Rural Town In 
The Presidency Of Madras And Shewn 
On Plates 167, 169 And 170. 

169. Design For A Combined Engine House 

And Elevated Tank As Constructed 
For The Water-Supply Of A Rural 
Town In The Presidency Of Madras. 

170. Section Shewing The Hydraulic Gradi- 

ents Of The Distribution System 
.Shewn On Plate 167. 

171. Design For A Complete Water-Supply 

Installation For Public Buildings, 
Hospitals, Markets, etc., From A 
• Bore Hole And Weil Fitted With An 
Oil-Engine And Pump. 
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172. Plan Shewing The Distribution System 

As Actually Laid In A Small Town In 
The Presidency Of Madras. 

173. Design For An Infiltration Gallery And 

Engine House As Constructed For A 
Small Town In The Presidency Of 
Madras. 

174. Plan Showing Site Of Service Eeservoir 

Illustrated On Plates 175, 176 And 
177. 

175. Design For An Elevated Masonry 

Service Reservoir As Constructed For 
, A Small Town In The Presidency Of 

Madras. 

176. Design For An Elevated Masonry 

Service Reservoir As Constructed For 
A Small Town In The Presidency Of 
Madras. 

177. Design For An Elevated Masonry 

Service Reservoir As Constructed For 
A Small Town In The Presidency Of 
Madras. 

178. Design For A Municipal Workshop: 

Type Design No. Ill Issued With 
Proceedings Of The Madras Sanitary 
Board, No. 112-S., Dated 24-3- 
1911. 

179. Design For A Filter Well For The Dis- 

posal Of Spill Water At Fountains : 
Type Design No. 113-A Issued With 
Proceedings Of The Madras Sanitary 
Board, No. 37/-S., Dated 19-10— 
1911. 

180. Design For A Filter Trench For The 

Disposal Of Spill Water At Fountains : 
Type Design No. 113-B Issued With 
Proceedings Of The Madras Sanitary 
Board, No. 374-S., Dated 19-10- 
1911. 

181. Design For An Air Valve Pit : Type 

Design No. 150 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 142-B., Dated 19-2-1914. 

Ill 
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182. Design For A House Service Connection 
With I Inch Water Meter: Type 
Design No. 152 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 174.S., Dated 4-3-1914. 

183.. Design For A Scour Pipe: Type Design 
No. 135 Issued With Proceedings Of 
The Madras Sanitary Board No. 528- 

S., Dated 23-9-1912, And No. 270- 

S., Dated 23—4—1913. 

184. Typical Section Of An Infiltration 

Gallerjr In A River Bed For The 
Supply Of Water To A Town As 
Adopted In The Presidency Of Madras. 

185. Design For Filter Beds. 

186. Design B^or Filter Beds And Service 

Reservoir Suitable For Rural Water- 
Supplies. 

187. Water-Supply : Boring Tools And Mis- 

cellaneous Illustrations. 

188. Water-Supply : Details Of Cast Iron 

Straight Pipes And Specials. 

189. Water-Supply Fittings. 

190. Water-Supply Fittings. 

191. Water-Supply Fittings. 

192. W'ater Meters. 

193. Water Meters. 

194. Type Sections Of Open Drains, 

195. Type Sections Of Open Drains. 

196. Specimen Survey And Section Of Lines 

Of Sewers In A Level Country, 

197. Design For An Automatic Flush Tank. 

198. Design For An Automatic Flush Tank. 

199. Designs For Man-Holes In Sewers For 

Various Depths Below 6 Feet. 

200. Design For Man-Holes In Sewers For 

Depths Up To 6 Feet. 

201. Design For A Drop Man-Hole. 

202. Design For A Lamp-Hole. 

203. Designs For House Connections, Air- 

Inlets, Ventilating Arrangements B"or 
Cess-Pits, Junction Man-Holes> 
Etc. 



1 


INDEX FOE PLATES. 


Plate 

No. 

204! Design For A Pail Depot Based On 
Design By W. E. Buchanan, Esq., 
Engineer In Charge Of Water And 
Drainage Works, Simla Municipality. 

205. Design For S’ullage Disposal Works For 

A Detached House. 

206. Design For A Filter Trench For A 

House : Type Design No. 103 Issued 
With Proceedings Of The Madras 
Sanitary Board, No. 251-S., Dated 
15-8--1907. 

207. Design For Bacterial Filters (With Catch 

Pits) : Type Design No. 110 Issued 
With Proceedings Of The Madras 

Sanitary Board, No. 96-S., Dated 

9-3-1911. 

208. Design For Sewage Purification Arrange- 

ments : Type Design No. 164 Issued 
With Proceedings Of The Madras 
Sanitary Board, No. 24-S., Dated 

9-1-1915. 

209. DesignFor Sewage Purification Arrange- 

ments: Type Design No. 164-A 

Issued With Proceedings Of The 


Plato. Title. 

No. 

Madras Sanitary Board, No. 24-S., 
Dated 9-1-1915. 

210. Design For Eemovable Drain Coverings , 

(Unsuited For Wheeled Traffic) : Type 
Design No. 102 Issued With Proceed- 
ings Of The Madras Sanitary Board, 
No. 151-S., Dated 30-4-1907, 

211. Design For Removable Drain Coverings 

Suitable For Wheeled Traffic : Type 
Design No. 104 Issued With Proceed- 
ings Of The Madras Sanitary Board 
No. 113-S., Dated 5-3-1909. 

212. Plan Shewing Site Of Disposal Works^ 

Illustrated On Plates 213 To 219. 

213. Design For A Catch-Pit. 

214. Design For Stoddart Filter Beds. 

215. Design For A Septic Tank. 

216. Design For A Septic Tank. 

217. Design For An Engine House. 

218. Design For An Engine House. 

219. Design For A Sludge Well. 

220. Drainage : Miscellaneous Illustrations. 

221. Drainage : Miscellaneous Illustrations. 

222. General ; Miscellaneous Illustrations. 
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INTRODUCTION. 


Sanitary Engineering. 

Doctor Parkes has said “that nothing is so 
costly in all ways as disease and nothing is so 
, remunerative as the outlay that augments 
health.” The aim of Sanitary Engineering is to 
root out the former and promote the latter. Sani- 
tary Engineering may therefore he defined as a 

• science and an art by which all conditions hostile 
to health are removed, and all conditions essential 
for the health of individuals are secured. This 
science is progressing so rapidly that if the rapidity 
of its progress is compared with that of other pro- 
gressive sciences, it will be found to take the first 
rank in the list of all sciences that have progressed in 

^ their- scope of utility and importance during the 
past half a century. It is not intended to go deeply 
into the past history of Sanitary Engineering nor 
. into the different stages through which it has de,ve- 
loped itself to its present position of importe)nee in 
■ the public estimation. I propose to treat this sub- 
ject from its present condition, as you require for 
purposes of acquiring a sufficient knowledge of what 
you need to know as prescribed in the syllabus for 
Minor Sanitary Engineering. I purposely refrain 
from any discourse of the past conditions of Sani- 
' tary Engineering for the reason, that the schemes 
of to-day are widely different and more advanced 
than they were two or three decades ago. The in- 
creasing cry " of economy ” on the part of the rate- 
payers demands that Engineers and others who have 
V to deal with Sanitary works, should be thoroughly 
I grounded in the skill and capacity for practical 
! application of Sanitary Engineering ini order that 
all proposals for sanitary works should not only 
j comply with the essential sanitary conditions but 
: should also be of a reasonable cost. A Sanitary 
I' Engineer is not merely the product of a mastery 
;;;,nf the contents of books on Sanitary Engineering ; 
I the difficulties to be contended with in actual prac- 

* ties cannot possibly be solved by a mere persever- 
ing study of books on Sanitary Engineering, No 

^.;two schemes are alike. Obstacles, more or less 
I large, occur in each which probably have not been 
|in# with in the schemes which have preyiously 


been drawn up and executed. The solution of the 
difficulties in a feasible, scientific, and economical 
manner, is a province in which the opportunities of 
a Sanitary Engineer to show himself to advantage 
are many and wide. 

Obligatory And Discretionary Duties Of 
Municipalities And Local Boards. 

As your employers are the Municipal Councils 
and Local Boards and as these bodies are adminis- 
tered under certain statutes it would be well if you 
know what the different Acts that are in force in 
the different Presidencies and Provinces in India 
are and what the obligatory and discretionary duties 
of these Local Bodies as enjoined}n the several Acts 
are. The Acts which are in force on the first of 
April 1916 in India are as follow Bombay 
(l) Act XY of 1876 called the Bombay Municipal 
Debentures Act, 1876. This Act was repealed in 
part by Act I of 1879. (2) Act I of 1884 called the 
Bombay Local Boards Act, 1884. This Act was 
repealed in part by Act XYI of 1895, by Act III of 
1886, Act lY of 1885 and Act I of 1888. (3) Act 
III of 1888 called the City of Bombay Municipal 
Act, 1888. This Act was repealed in part by Act 
Ilof 1901. ActI of 1897, Act XYI of 1895, Act 
lY of 1888, Act I of 1894, Act II of 1899, Act II 
of 1900, Act I of 1910 and supplemented by Act 
XII of 1888, Act Y of 1890, M I of 1898, Act 
Y of 1903. Act Y of 1905, Act III of 1907. (4) Act 

I of 1889 called the Bombay Yillage Sanitation 
Act, 1889. (5) Act I of 1898, called the City of 
Bombay Municipal Investments Act, 1898. (6) Act 
lY of 1898 called the City of Bombay Improvement 
Act, 1898. This Act was renealed in part by Act 
lY of 1901, Act XIY of 1904, Act III of 1907, Act 

II of 1908 and Act I of 1913. (7) Act III of 1901 
called the Bombay District Municipal Act, 1901. 
This Act was supplemented by Acts Y of 1890 and 
II of 1899, amended by Act III of 1902, Act I of 
1910 and repealed in part by Acts III of 1903, lY of 
1904, and X of 1912. (8) Act XIY of 1904 called the 
City of Bombay Improvement (Supplementing) Act, 
1904. Bengal:-(1) Act III of 1884 called theBengal 
Mumoipal Act, 1884. This Act was repealed in pari 
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by Act II of 1888, Act I of 1893, Act IV of 1894, Act 
II of 1896. Act III of 1899, Act II of 1901, Act I of 

1903 and amended by Acts III of 1886, V of 1897 and 

II of 1910. (2) Act III of 1885 called the Bengal 
Local Self-Government Act, 1885. This Act was 
amended by Act I of 1903 and Act V of 1908. 
(3) Act VIII of 1895 called the Bengal Sanitary 
Drainage Act, 1895. This Act was repealed in part 
by Act I of 1903. (4) Act III of 1899, called the 
Calcutta Municipal Act, 1899. This Act was 
repealed in part by Act I of 1893 and Act I of 1903. 
(5) Act I of 1900 called The Darjeeling Municipal 
Act, 1900. This Act was repealed in part by Act I 
of 1903. (6) Act II of 1910 called The Bengal 
Municipal {Amendment and Validation) Act, 1910. 
(7) Act V of 1911 called the Calcutta Improvement 
Act, 1911. Madras (1) Act IV of 1884 called the 
Madras District Municipalities Act, 1884. This Act 
wastepealed in part by Act IX of 1888, Act II of 1901, 
Act III of 1897, and Act II of 1907, and amended 
by Acts I of 1899, V of 1909, III of 1913 and VIII 
of 3914. (2) Act V of 1884 called the Madras Local 
Boards Act, 1884. This Act was repealed in part 
by Act II of 1901, Act XI of 1901 and Act VI 
of 1900 and amended by Acts III of 1890, XI of 
1901, III of 1913 and VIII of 1914. (3) Act III of 

1904 called the Madras City Municipal Acti 1904. 
This Act was amended in part by Madras Act IV 
of 1907 and Act II of 1911. (4) Act II of 1907 
called the Madras Hill Municipalities Act, 1907. 
Punjab Act XX of 1883 called the Punjab 
District Boards Act, 1883, This Act was amended 
by Act XII of 1891, Act I of 1905 and Act II of 
1907. (2) Act III of 1911 called the Punjab Muni- 
cipal Act. Central Provinces i— (1) Act I of 1883 
called the Central Provinces Local Self-Government 
Act of 1883. This Act was amended by Acts XVI 
of 1899 and XI of 1902 and repealed in part by Act 
IV of 1914. (2) Act XI of 1902 called the Central 
Provinces Village Sanitation Act, 1902. (3) Act XVI 
of 1903 called the Central Provinces Municipal Act, 
1903. United Provinces of Agra and Oudh 

(1) Act III of 1906 called the United Provinces Dis- 
trict Boards Act, 1906, (2) Act I of 1900 called the 
North-Western Provinces and Oudh Municipalities 
Act, 1900. This Act was repealed in part by Act V 
of 1901, Act I of 1904 and Act I of 1907. (3) Act 

III of 1894 called the North-Western Provinces and 
Oudh Sewerage and Drainage Act, 1894. (4) Act II 
of 1914 called the United Provinces Town Areas 
Act, 1914. (5) Act II of 1892 called the North- 
Western Provinces and Oudh Village Sanitation 
Act, 1892. This Act was amended by Act III of 
1906 and lot V of 1912. (6) Act I of 1891 called 
the NortbWestewi Provinces and Oudh Water 
Works Act, 1891. This Act was amended by 
Act n of 1895. Act I of 1908, Act I of 1910 and 
r^led in part by Aol> I of l90l. Ibt duties of the 


Bombay Municipality are as follow It shall be 
incumbent on the Corporation to make adequate 
provision, by any means or measures which it is 
lawfully competent to them to use or to take, for . 
each of the following matters, namely {a) the 
construction, maintenance and cleansing of drains 
and drainage works, and of public latrines, urinals 
and similar conveniences ; (5) the construction and 
maintenance of works and means for providing 
a supply of water for public and private purposes ; 
(c) scavenging and the removal and disposal of 
exerementitious and other filthy matter, and of all 
ashes, refuse and rubbish; {d) the reclamation of un- 
healthy localities, fhe removal of noxious vegeta- 
tion and generally the abatement of all nui- 
sances ; ie) the regulation of places for the dis- 
posal of the dead and the provision of new places 
for the said purpose ; (/) the registration of births 
and deaths ; iff) public vaccination in accordance 
with the provisions of the Bombay Vaccination 
Act, 1877 ; ig) measures for preventing and checking 
the spread of dangerous diseases ; [gg) establishing 
and maintaining public hospitals and dispensaries 
and carrying out other measures necessary for pub- 
lic medical relief ; Oi) the construction and mainte- 
nance of public markets and slaughter-houses and 
the regulation of all markets and slaughter-houses; 
(/) the regulation of offensive and dangerous trades; 
ik) the entertainment of a fire-brigade and the 
protection of life and property in the case of fire ; 
(1) the securing or removal of dangerous buildings 
and places; im) the construction, maintenance, alter- 
ation and improvement of public streets, bridges, 
culverts, causeways and the like ; W the lighting, 
watering and cleansing of public streets ; (o) the 
removal of obstructions and projections in or upon 
streets, bridges and other public places ; ip) the 
naming of streets and the numbering of premises ; 
iq) maintaining, aiding and suitably accommodating 
schools for primary education; (subject always to the 
grant of building grants by Government in accord- 
ance with the Government Grant- in- Aid Oode for the 
time being in force) ; (r) the maintenance of a muni- 
cipal office and of all public monuments and other 
property vesting in the Corporation. The Corpora- 
tion may, in their discretion, provide from time to 
time, either wholly or partly, for all or any of the 
following matters, namely (it) public vaccination ; 
(6) educational objects other than those set forth 
above under obligatory functions ; (c) constructing, 
maintaining, or aiding libraries, museums and art 
galleries ; [d] constructing or maintaining public 
parks and gardens and botanical and zoological 
collections ; (e) planting and maintaining trees on 
roadsides and elsewhere ; (/) surveys of buildings or 
lands ; ig) registration of marriages ; ih) taking of a 
census ; (i) preparation and presentation of addressed 
topersonSi of ^distiaotion ; (/) providing music for 
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the people ; {h) any measures not hereinbefore 
specially named, likely to promote public safety, 
health, convenience or instruction. And, with the 
previous sanction of Government, the Corporation 
may make such contribution as they think fit 
towards any public ceremony or entertainment in 
the city. The duties of the Calcutta Municipality 
are as follow The Corporation shall provide a 
supply of filtered water within all parts of Calcutta, 
and a supply of unfiltered water within such parts 
of Calcutta as they may think fit, and shall cause 
such separate mains, pipes, and taps to be laid 
and placed, and such tanks, engines, reservoirs and 
other works to be made and constructed, either 
within or without Calcutta, as may be necessary 
for the supply of filtered water in the principal 
public streets. The Corporation shall erect sujBfiei- 
ent and convenient public stand-posts for the 
gratuitous supply of filtered water for domestic 
purposes. All such stand-posts shall be supplied 
with a sufficient quantity of filtered water, and no 
unfiltered water shall be supplied thereto. The 
Corporation shall erect sufficient and convenient 
platforms for the gratuitous supply of water for 
bathing purposes. All such bathing platforms 
shall, as far as may be practicable, be supplied 
with filtered water; but if it is impracticable to 
supply any bathing platform with filtered water, 
unfiitered water shall be supplied therefor. On all 
distribution pipes in the unfiltered water system, 
the Chairman shall provide suitable hydrants for 
street- watering, fire-extinguishing, washing down 
hackney-carriage stands, and flushing street gullies, 
together with such sluices, branches and appliances 
as may be necessary for the efficient flashing of the 
municipal drains. The Corporation shall gradually 
.convert the existing intermittent system of supply- 
ing filtered water into a continuous system. The 
Corporation shall keep all municipal drains in 
repair, and shall cause to be made such drains as 
may be necessary for effectually draining Calcutta. 
The Corporation shall provide a safe and sufficient 
outfall, within or without Calcutta, for the proper 
discharge of the storm water and sewage of Calcutta, 
in such manner as not to cause any nuisance, 
whether by flooding any part of Calcutta or of the 
country surrounding the outfall or in any other way. 
The plans of the outfall and the method of dispos- 
ing of sewage shall be subject to the sanction of 
the Iiocal Government which may, from time to 
time, direct such alterations to be made as it may 
consider necessary. If the outfall deteriorates, by 
the decay of existing river channels or otherwise, 
the Local Government may require sqoh order to 
be taken, and such additions or alterations to 
bo made to or in the outfall works,, at the charge of 
Municipal Funds, as it may consider necessary to 
stasure the proper discharge of storm water and 


sewage in such manner as not to cause any nuisance 
as aforesaid, The General Committee shall, out of 
funds to be allotted by the Corporation, cause the 
public streets to be maintained and repaired, and 
for those purposes may do all things necessary for 
the public safety or convenience, including the 
construction and maintenance of bridges, causeways 
and culverts. The Chairman shall provide or 
appoint, in proper and convenient situations, public 
receptacles, depots and places for the temporary 
deposit or final disposal of rubbish, offensive matter, 
sewage and the carcasses of dead animals; pro- 
vided that (i) the said things shall not be Wily 
disposed of in any place or manner in which the 
same have not heretofore been so disposed of, with- 
out the sanction of the Corporation, or in any 
place or manner which the Local Government may 
disallow ; (ii) the powers conferred under this rule 
shall be exercised in such manner as to create the 
least practicable nuisance. (2) Any land that may 
be required in a bustee for the temporary deposit or 
final disposal of rubbish, offensive matter, sewage or 
carcasses taken from buildings or land in such bustee 
shall be provided by the owners of the bustee. For 
the purpose of securing the efficient scavenging and 
cleansing of all streets and premises, the chairman 
shall take measures for securing— (d the daily 
surface cleansing of all streets and the removal of 
the sweepings therefrom, and {b) the removal of 
the contents of all receptacles and depots, and 
the accumulations at all places provided or appoint- 
ed by him. The Corporation shall maintain an 
establishment under the control of the Chairman 
for the removal of sewage from privies and 
urinals which are not connected with a sewer. 
The Corporation may, in their discretion, provide 
from time to time, either wholly or partly, for 
all or any of the following matters, namely;— 
(1) the planting and preservation of trees in streets 
and public places; (2) the construction, alter- 
ation, maintenance and adornment of public halls, 
offices and other buildings under the control of 
the Corporation or required for Municipal purposes ; 
(3) the laying out and maintenance of squares 
and gardens; (4) the survey of buildings and 
lands, and the preparation of plans; (5) the con- 
struction and maintenance of hospitals and alms- 
houses; (6) vaccination; (7) the promotion of 
primary and technical education; (8) the pro- 
vision of free libraries; (9) with the previous 
sanction of the Local Government, the payment of 
contributions to the cost incurred on the occasion 
of any public ceremony or entertainment held in 
Calcutta ; (10) the payment of contributions to the 
Commissioners of any neighbouring municipality 
for expenditure on sanitary purposes ; and (11) any 
other matter which is likely to promote the pubic 
health, saMyor convenience or the carrying. out 
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of this Act. Under the Madras City Municipal 
Act, the purposes on which the Municipal Bund may 
be spent are as follow:— (a) Public Safety: —The 
lighting of public streets, places and buildings ; the 
extinction of fires; the control, supervision or 
removal of dangerous places, buildings, trades and 
practices ; the regulation of traffic ; and the preven- 
tion and removal of obstructions in public streets 
or places. (6) Public Health :— (1) The construc- 
tion, repair and maintenance of hospitals and dis- 
pensaries ; vaccination ; the training of medical 
practitioners and subordinates ; the training and 
supervision of vaccinators ; the registration of births 
and deaths ; the enumeration of the inhabitants of 
the Oity; and other measures of a like nature. 
(2) The construction, maintenance, supervision and 
control of public markets and slaughter-houses; of 
latrines, privies and urinals ; of drains and drainage- 
works ; of sewage farms ; ' of tramways and other 
works for the removal of sewage ; of water works, 
drinking fountains, tanks and walls; of parks, 
squares and gardens ; the acquisition of land neces- 
sary for any of these purposes ; the reclamation of 
unhealthy localities; and other sanitary measures 
of a like nature. (3) The cleansiog and watering of 
streets and drains ; scavenging ; the removal of 
excessive or noxious vegetation ; and generally the 
abatement of all nuisances. (4) The regulation 
and control of offensive or dangerous trades, of 
unhealthy buildings or localities, and of burial and 
burning grounds ; and the provisions of sites for, and 
the closing of, burial and burning grounds, (c) Public 
Convenience :—{l) The construction, maintenance 
and alteration of streets, bridges, causeways, cul- 
verts and the like ; the regulation of buildings ; the 
removal of undue projaobions ; the naming of streets 
and the numbering of houses ; and the planting and 
preservation of trees in public streets and places. 
(2) The construction, purchase and maintenaoce of 
all buildings under the control of the Corporation 
or required in order to give effect to the provisions 
of the Act. (3) The construction, maintenance, 
alteration and adornment of public halls. (4) The 
construction and maintenance of alms-houses. 
(5) The survey of buildings and lands and the prepa- 
ration of plans. (6) The provision of free libraries. 
id) Primary and Technical Education:— (1) The con- 
struction and repair of school-houses for the poor. 

• (2) Primary education of the poor, including the 
training of teachers. (3) The promotion of 
technical education, {e) General : — All matters 
necessary for, or conducive to, public safety, healch 
or convenience. The obligatory and discretional 
functions of Municipalities in the Presidency of 
Bombay are as follows It shall ba the duty of 
every municipality to make reasonable provision, 
(1) for the following matters within the municipal 
J^lriclxmdei: their authority, namely:— (a) lighting 


public streets, places and buildings; (6) watering 
public streets and places ; (c) cleansing public streets, 
places and sewers, and all spaces not being private 
property, which are open to the enjoyment of the 
public whether such spaces are vested in the 
municipality or not, removing noxious vegetation 
and abating all public nuisances ; id) extinguishing 
fires, and protecting life and property when fires 
occur; [e] regulating or abating offensive or danger- 
ous trades or practices ; if) removing obstructions 
and projections in public streets or places, and in 
spaces not being private property, wheb are open to 
the enjoyment of the public, whether such spaces are 
vested in the muniqipality or belong to His Majesty; 
ig) securing or removing dangerous buildings or 
places, and reclaiming unhealthy localities ; ih) ac- 
quiring and maintaining, changing and regulating 
places for the disposal of the dead ; u) constructing, 
altering and maintaining, public streets, culverts, 
municipal boundary marks, markets, slaughter- 
houses, latrines, privies, urinals, drains, sewers, 
drainage-works, sewerage works, baths, washing 
places, drinking fountains, tanks, wells, dams 
and the like ; ij) obtaining a supply or an additional 
supply of water, proper and sufficient for preventing 
danger to the health of the inhabitants from the 
insufficiency or unwbolesomeness of the existing 
supply when such supply or additional supply can 
be obtained at a reasonable cost ; [k] naming streets 
and numbering houses ; il) registering births and 
deaths ; {m) public vaccination ; {n) suitable ac- 
commodation for any calves, cows or buffaloes 
required within the 'municipal district for the 
supply of animal lymph; (o) establishing and 
maintaining public hospitals and dispensaries, and 
providing public medical relief ; (p) establishing 
and maintaining primary schools; iq) printing such 
annual reports on the municipal administration of 
the district as the Governor in Council by general 
or special orders requires the municipality to 
submit. Municipalities may, at their discretion, 
provide either wholly or partly, for (a) laying out, 
whether in areas previously built upon or not. 
new public streets, and acquiring the land for that 
purpose, including the land requisite for the con- 
struction of buildings or curtilages thereof, to abut 
on such streets ; {b) constructing, establishing or 
maintaining public parks, gardens, libraries, 
museums, lunatic asylums, halls, offices, dharmsba- 
las, rest-houses and other public buildings ; (c) fur- 
thering educational objects other than those setforbh 
under obligatory functions ; {d) planting and main- 
taining roadside and other trees ; (^) taking of a cen- 
sus, and granting rewards for information which may 
tend to secure the correct registration of vital 
statistics ; f/j making a survey ; ig) securing or 
assisting to secure suitable places for the carrying 
on of offensive trades; ih) supplying, constructing 
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and maintaining, in acoordanca with a general 
system approved.by the Sanitary Board, receptacles, 
fittings, pipes and other appliances whatsoever, on 
or for the use of private premises, for receiving and 
conducting the sewage thereof into sewers under the 
control of the municipality; (i) establishing and 
maintaining a farm or factory for the disposal of 
sewage; (/) any other measure likely to promote 
the public safety, health, convenience or education ; 
and [k) with the previous concurrence, in the case 
of City Municipalities, of the Commissioner, or in 
other oases of the Collector, any public reception, 
ceremony, entertainment or exhibition within the 
municipal district, The purples for which the 
municipal funds of the District Municipalities of 
Bengal are applicable are as follow:— The Com- 
missioners at a meeting shall, as far as the municipal 
fund permits, from time to time cause roads, 
bridges, tanks, ghats, wells, channels, drains and 
privies, being the property of the Commissioners, to 
be maintained and repaired, and the municipality 
to be cleansed ; and may, subject to such rules and 
restrictions as the Local Government may from 
time to time prescribe, apply the municipal fund to 
any of the following purposes within the munici- 
pality, that is to say (1) the construction, mainte- 
nance and improvement of roads, tramways, bridges, 
squares, gardens, tanks, ghats, wells, channels, 
drains and privies; (2) the supply of water, and the 
lighting and watering of roads ; (3) the erection and 
maintenance of offices and other buildings required 
for municipal purposes; (4) the construction and 
repair of school houses, either wholly or by means 
of grants-in-aid ; (5) the establishment and main- 
tenance of schools, either wholly or by means 
of grants-in-aid ; (6) the establishment and main- 
tenance of hospitals and dispensaries; (7) the 
promotion of vaccination ; (8) the acquiring and 
keeping of open spaces for the promotion of physi- 
cal exercise and education; (9) the training and 
employment of female medical practitioners and of 
veterinary practitioners; (10) the establishment 
and maintenance of veterinary dispensaries for the 
reception and treatment of horses, cattle and other 
animals; (11) the appointment and payment of 
qualified persons to prevent and treat diseases of 
horses, cattle and other animals ; (12) the improve- 
ment of the breed of horses, cattle and asses, and 
the breeding of mules ; (13) the establishment and 
maintenance of free libraries; (14) the main- 
tenance of a fire-brigade ; (15) other works of public 
utility calculated to promote the health, comfort or 
convenience of the inhabitants. The purposes for 
which the municipal funds of the District Munici- 
palities of Madras are applicable are as follow:— 
The District Municipal funds shall, subject to such 
rules and restrictions as the Governor in Oouncil 
may from time to time prescribe, be applicable 


within the Municipalities in which they are raised, 
or, with the special sanction in each case of the 
Governor in Oouncil, without the said Municipali- 
ties, to the following purposes ; that is 'to say 

(1) the construction, repair, and maintenance of 
streets, bridges, and other means of communication; 

(2) the construction, maintenance and repair of 
hospitals, dispensaries, lunatic asylums, poor 
houses, markets, drains, sewers, latrines, water- 
works, tanks, wells, recreation grounds, gardens, 
parks and other works of publio utility, the 
payment of all charges connected with the objects 
for which such works have been constructed, the 
training and employment of medical practitioners 
and vaccinators, the sanitary inspection of towns 
and villages, the registration of births and deaths, 
the watering and lighting of the streets, the cleans- 
ing of the streets, tanks, wells, drains, sewers, 
latrines and other works of a similar nature 
and the taking of a census ; (3) the planting and 
preservation of trees ; (4) the diffusion of education, 
and, with this view, the construction and repair of 
school-houses, the establishment and maintenanceof 
schools, public libraries, reading-rooms, gymnasia 
or any other institutions connected with the diffu- 
sion of education, either wholly or by means of 
grants-in-aid, the inspection of schools, and the 
training of teachers ; (5) other measures of publio 
utility calculated to promote the safety, health, 
comfort, or convenience of the people ; (6) the pay- 
ment of any amounts falling due on any loans legally 
contracted by the Municipal Oouncil ; (7) the pay- 
ment of salaries, leave allowances, pensions, gratui- 
ties and compassionate allowances to servants 
employed by the Municipal Council, The purposes 
for which the Municipal Bunds of the District Muni- 
cipalities of North-Western Provinces and Oudh, 
Central Provinces and Punjab are applicable are as 
follow :™Subj 60 t to such rules as the Local Govern- 
ment may make with respect to the priority to be 
given to the several duties of the Board, the muni- 
cipal fund shall be applicable to the payment in 
whole or in part, of the charges and expenses inci- 
dental to the following matters within the munici- 
pality, namely : — (1) the construction, maintenance, 
improvement, cleansing and repair of public streets, 
bridges, embankments, drains, latrines, tanks, wells, 
and water courses, and the like ; (2) the watering 
and lighting of publio streets and places; (3) the 
construction, establishment and maintenance of 
schools, hospitals and dispensaries, and other 
institutions for the promotion of education or for 
the benefit of the public health, and of rest-houses, 
sarais, poor-houses, markets, encamping grounds, 
pounds and other works of public utility, and 
the control and administration of publio institutions 
of any of these descriptions ; (4) grants-in-aid to 
schools, hospitals, dispensaries, poor-houses, lepei? 
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asylums and other educational or charitable 
institutions ; (5) the training of teachers and the 
establishment of scholarships; (6) the giving of 
relief and the establishment and maintenance of 
relief works in time of famine or scarcity ; 
thesapply, storage, and preservation from pollu- 

(7) tion of water for the use of men or animals ; 

(8) the planting and preservation of trees ; (9) the 
taking of a census, the registration of births, marria- 
ges, and deaths, public vaccination, and any sanitary 
measure; (11) the holding of fairs and industrial 
exhibitions ; (12) all acts and things which are likely 
to promote the safety, health, welfare or conven- 
ieoce of the inhabitants. The purposes for which 
the municipal funds of the District Municipalities of 
Burma are applicable are as follow :-~Subj 0 ct to 
such rules as the Local- Government may make 
with respect to the priority to be given to the seve- 
ral obligations of the Oommittee, the municipal 
fund shall be applicable to the payment, in whole 
or in part, of the charges and expenses incidental to 
the undermentioned matters within the municipa- 
lity, and with the sanction of the Commissioner 
outside the municipality, when such application of 
the fund is for the benefit of the inhabitants, 
namely (1) the construction, maiDtenanoe, im- 
provement, cleansing and repair of streets and of 
public bridges, embankments, drains, latrines, tanks 
and water- courses; (2) the watering and lighting of 
the streets or py of them ; (3) the prevention and 
extinction of fires ; (4) the construction, establish- 
ment and maintenance of schools, hospitals, dispen- 
saries, leper asylums and other institutions for 
the promotion of education, or for the benefit 
of the public health, and of rest-houses, zayats, 
wharves, poor-houses, markets, encamping grounds, 
pounds and other works of public utility, 
and the control and administration of public 
institutions of any of these descriptions ; (5) grants- 
in-atd to schools, hospitals, dispensaries, poor- 
houses, leper asylums and other educational or 
charitable institutions ; (6) the training of teachers 
and the establishment of scholarships ; (7) the giving 
of relief and the establishment and maintenance of 
relief works, in time of scarcity or famine; (8) the 
supply, storage and preservation from pollution of 
water for the use of men or animals ; (9) the plant- 
ing and preservation of trees ; (10) the taking of a 
census, the registration of births, marriages and 
deaths, public vaccination and any other sanitary 
measure; (11) tba#»ke9piog and auditing of the 
accounts of the municipal fund, the school fund, and 
the hospital fund ; (12) the holding of fairs and in- 
dustrial exhibitions; and (13) all other acts and 
things which are likely to promote the safety, health, 
welfare or convenience of the inhabitants. The 
duties of Local Boards of Bombay are as follow 

It shall" hS' the duty of Local Boards, so, far as 


the local fund at their disposal will allow, to 
make adequate provision for the areas respectively 
subject to their authority, in regard to the follow- 
ing matters, namely:— (a) the construction of 
roads and other means of communication and the 
maintenance and repair of all roads and other means 
of communication vesting in them ; (b) the construc- 
tion and repair of hospitals, dispensaries, markets, 
dharmsalas and other public buildings, and the 
visiting, management and maintenance of these 
institutions ; (c) the construction and repair of 
public tanks, wells and water- works, the supply of 
water from them and from other sources, and 
construction and qjaiotenanoe of works for the 
preservation of water for drinking and cooking 
purposes from pollution; (d) the provision of 
suitable accommodation for the visiting and main- 
tenance of and the training of teachers for primary 
schools, and the general development and extension 
of primary education ; (e) public vaccination and 
sanitary works and measures necessary for the public 
health ; (/) the planting and preservation of trees 
by the side or in the vicinity of roads vesting in such 
boards ; and (g) the maintenance of any property 
vesting in them. The Local Boards may, at their 
discretion, provide, out of the said fund, for the fol- 
lowing matters, namely (u) the establishment and 
maintenance of model farms, the acclimatization of 
exotics, the importation and distribution of superior 
kinds of seed, the improvement of the breed of cattle 
and horses, and the introduction and preservation 
of fish ; (b) the establishment and maintenance of 
relief and local relief works in time of famine or 
scarcity; and (c) any other local works or measures 
likely to promote the health, comfort or convenience 
of the public. Subject to the control of the District 
Local Board, each Local Board shall, within the area 
subject to its authority, have the control and the 
administration of all purely local roads, works and 
buildings maintained at its cost, and also of all local 
services and institutions except such as the District 
Local Board thinks fit to take under its own direct 
control and administration. In respect of roads, 
works, buildings, services and institutions in the 
control and administration of the District Local 
Board, each Taluqa Local Board shall, if the District 
Local Board so desires, be the agent of the District 
Local Board and, as such agent, shall exercise such 
authority and perform such duties as the District 
Local Board may from time to time in writing dele- 
gate to it. The chief provisions in the Bombay 
Village Sanitation Act of 1889 are as follow The 
Sanitary Oommittee constituted under this Act may 
from time to time make rules, and repeal or vary 
the same, with the approval of the Oolleotor — (a) 
for regulating the terms of office of its members 
and its proceedings ; (b) for determining the manner 
in which its proceedings shall be recorded ; (c) for 
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procuring and preserving for fche use of the village 
an adequate supply of pure potable water ; id) for 
the cleausicg of the streets aud open spaces of the 
village ; ie) for preventing accumulations of offen- 
sive and noxious matter in the village; (/) for 
preventing nuisances and indecent or insanitary 
acts or omissions in the village ; and (g) generally 
for giving effect in the village to the purposes of this 
Act, Eor the purpose of providing for the village 
an adequate supply of pure potable water, of 
cleansing the streets and open spaces thereof , of 
removing offensive and noxious matter therefrom 
and for other purposes conducive to the health and 
comfort of the inhabitants of the village, the 
Sanitary Committee may utilize, as far as available, 
the voluntary labour of inhabitants of the village 
and the services of village servants placed at its 
command under this Act; and, when these means are 
insufficient, may from time to time, with the appro- 
val of the Collector, employ such servants, enter into 
such contracts, make such deductions and allow- 
ances from any rate leviable under its authority, 
and may authorize the expenditure by the Collector 
or under his control, of such sums of money as shall 
be necessary and reasonable, for the purpose afore- 
said. The Sanitary Boards constituted under this 
Act may, from time to time, make rules, with the 
approval of the Collector, and, save as hereinafter 
provided, shall discharge functions and exercise 
authority for the area subject to its authority in 
respect of the same matters, in the same manner, 
and subject to like provisions, restrictions and 
conditions as 'are hereinbefore detailed in the 
case of a Sanitary Committee. The Collector 
may, subject to the orders of Government, from 
time to time, appoint a Sanitary Inspector for 
any area or any part of the area subject to the 
. authority of a Sanitary Board, and also such 
other subordinates as shall appear necessary, and 
determine the amount of salary to be paid to each of 
such officers. He may also dismiss or suspend the 
said officers. Such Sanitary Inspector may be a 
person employed by the Taluqa or District Local 
Board having authority at the place. He may be 
employed by or on behalf of two or more Sanitary 
Boards. The Sanitary Inspector shall take measures 
for preventing breaches of the rules in force in the 
area for which he is appointed, by, from time to 
time— (a) posting up and otherwise publishing a 
general admonition respecting the observance of the 
said rules; or(&) admonishing any person whom 
he finds offending against any of the said rules ; 
or (c) summoniug to appear before the Sanitary 
Board any person who, from his own observation 
or from reports made to him by his subordinates, 
he has reason to think should be prosecuted for 
offending against any of the said rules. The Sani* 
tary Inspector shall make such reports and be 


in such relation to the Sanitary Ccmnaissioner 
consistent with the duties and obligations im- 
posed on him by this Act or arising out of his 
position as a servant of a Local or Sanitary 
Board, as Government may prescribe. A Sanitary 
Board may, with the approval of the Collector, 
contract with any person— fa) for the caily surface- 
cleansing of the streets and public spaces within 
the area or any portion of the area subject to its 
authority, so far as the same cannot be effected by 
means of the village-servants, if any, whose services 
are placed at its command under this Act, or (5) for 
the removal from the said area of sweepings, dust, 
a hes, refuse, rubbish, carcasses of dead animals 
and any cfiensive or noxious matter. Every Sani- 
tary Board may, with the approval of the Collector, 
cause to be constructed such works and buildings 
as shall be necessary for providing for the area 
subject to its authority or any part thereof — (a) an 
adequate supply of water ; (6) proper and convenient 
places for the temporary deposit or final disposal of 
sweepings, dust ashes, rubbish, carcasses of dead 
animals and other offensive or ncxious matter; 

(0) means for conveying away or removing the 
several matters and things specified above. In mat- 
ters pertaining to Sanitation, the duties and powers 
of the District and Local Boards in Bengal are as 
follow It shall be the duty of every DistricbBoard, 
subject to any rules made by the Lieutenant-Gover- 
nor under the Act, to provide, so far as may be 
possible, for the proper sanitation of its district, and 
to incur such expenses or undertake such liabilities 
as may be necessary in that behalf. A District Board 
may, with the approval of, and subject to such limits 
of cost as shall be imposed by the Commissioner, pro- 
vide any place within its district with a proper and 
sufficient supply of water, and for this purpose may— 

(1) construct, repair and maintain water-works, wells 
or tanks, and do any other necessary acts ; (2) take 
on lease or hire any water-works and purchase 
any water- works, or any water, or right to take or 
convey water, either within or without its district ; 
and (3) contract with any person for a supply of 
water. A District Board may, with the sanction 
of the Lieutenant-Governor, contribute such annual 
or other sum as may be agreed upon towards the cost 
of — (a) the construction, repair and maintenance, 
under the provisions of the Bengal Municipal Act, 
1884, of water-works, wells or tanks within the 
district, or (6) taking measures under the said Act 
for the prevention of plague in the district ; pro- 
vided that no application for such sanction shall 
be made unless it is authorized by a resolution 
which has been passed at a meeting specially 
convened for the purpose and in favour of which a 
majority of not less than two-thirds of the total 
number of members of the District Board have 
voted, All streams, ehannels, water-courses* 
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tanks, reservoirs, springs and wells situated within 
the district, and not being private property 
or under the control of any officer of the Govern- 
ment, shall, for the purposes of this Act, be 
under the control and administration of the District 
Board. The District Board may, by an order duly 
published at such places and in such manner as it 
may deem fit, set apart convenient tanks, parts of 
rivers, streams or channels situated within the dis- 
trict, and not being private property or under the 
control of any officer of the Government, for the 
supply of water for drinking and culinary pur- 
poses; and, from the date of publication of such 
order, such tanks, parts of rivers, streams or 
channels shall be held to be public springs or re- 
servoirs. Every District Board shall appoint, to 
be members of a Sanitation Committee, not more 
than five nor less than three members of the Board. 
The Civil Surgeon of the district shall be a 
member es-officio of the Sanitation Committee of 
his district. It shall he the duty of a Sanitation 
Committee, subject to the control of the 
District Board and to any rules made by the Lieute- 
nant-Governor, to initiate and supervise works 
connected with the sanitation of the district, and 
to exercise such of the powers of the District Boards 
as may be delegated to it in accordance with the 
Act. The District Board shall also appoint a proper- 
ly qualified person to be its Sanitary Inspector, fix 
the salary of such Sanitary Inspector and the de- 
tails of the establishment subordinate to him. Every 
Union Committee shall subject to the control of the 
District Board, and in accordance with rules made 
by the Lieutenant-Governor under this Act— 
(1) provide, as far as possible, for the sanitation and 
conservancy of the union and the prevention of 
public nuisances therein ; (2) make special arrange- 
ments for the sanitation and conservancy of fairs 
and melas held within the union; (3) have control of 
aU drains and other conservancy works within the 
union which are not under the control of any other 
authority ; and, (4) execute all works which are 
necessary for improving the sanitation, conservancy 
or drainage of the union : provided that the district 
board may itself undertake any such work which, by 
reason of its magnitude, or of the amount of expense 
likely to be incurred thereon, cannot in the opinion 
of the District Board, be satisfactorily executed by 
the Union Committee. If it appears to the Union 
Committee that, for any reason, it is necessary to 
improve the sanitary condition of any village or 
part of a village within the union, the Committee 
^may, in accordance with a scheme approved by the 
District Board and sanctioned by the Commissioner 
under rules made by the Lieutenant-Governor under 
this Act-— (a) cause huts or privies to be removed, 
either wholly or in part ; (^) cause private drains to 
be oonsferaeted, altered or renaoved.; (c) cause streets, 


passages and public drains to be constructed or 
widened; id) cause tanks or low lands to be filled up 
or deepened ; and ie) cause such other improvements 
to be made as, in its opinion, are necessary to im- 
prove the condition of such village or part. The 
Union Committee may, by written notice— (i) re- 
quire the owner or occupier of any hut, or the owner 
of any privy, to remove such hut or privy, either 
wholly or in part ; or (ii) require the owner or 
occupier of any building to construct private drains 
therefor, or to alter or to remove private drains 
thereof, within a period to be specified in the 
notice. If any work required by any such notice 
is not executed within the period specified in the 
notice, the Union Committee may themselves cause 
such work to be carried out- All expenses incur- 
red by the Union Committee, including such reason- 
able compensation as the Committee may think fit 
to pay to the owners or occupiers of huts or privies 
removed, shall be met out of the union fund. TtJe 
Union Committee may, with the sanction of the 
District Board, employ a special establishment for 
the cleansing of any village within the union. 
(2) If any village appears to the Union Committee to 
be in a filthy condition, the Committee may, by writ- 
ten notice, require the persons who occupy buildings 
in the village to cleanse their holdings, to the satis- 
faction of the Committee, within a period to be speci- 
fied in the notice. If any person on whom notice has 
been served fails to comply with the requisition 
contained in the notice, the Union Committee shall, 
unless reasonable cause to the contrary is shown, 
cause his holding to be cleansed, and recover from 
such person such portion of the costs of such 
cleansing as may be approved by the Sanitation 
Committee, as if the same were an arrear of the 
assessment imposed under the Act. The Union 
Committee may, subject to rules made by the 
Lieutenant-Governor under this Act, by written 
order,— (a) direct, in accordance with a scheme 
approved by the District Board and sanctioned by 
the Commissioner, in respect of any village, that 
no building which it is proposed to erect in such 
village, and no addition to any existing building 
therein, shall be placed in advance of an alignment ' 
to be prescribed by the Committee and demarcated 
on the ground, and (h) prescribe, in accordance 
with the said scheme the space which shall 
intervene between each new building, and between 
new buildings and any road in the village. Where 
any building, or any addition thereto, has been 
placed in contravention of an order passed by the 
Union Committee, the Union Committee may apply 
to the District Magistrate, and such Magistrate 
may make an order — (i) directing that the work 
done, or so much of the same as has been executed 
in contravention of orders and rules be demolished 
by the owner of the buijding or altered by him to 
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the satisfacfeion of the Committee, as the ease may 
require, or (ii) directing that the work done, or so 
much of the same as has beenexecuted in contraven- 
tion of the order and rules be demolished or altered 
by the Union Committee at the expense of the owner: 
provided that the Magistrate shall not make any 
such order without giving the owner and occupier 
full opportunity of adding evidence and of being 
heard in defence. If any person to whom a direc- 
tion to demolish or alter any building is given 
fails to obey the same, ha shall be liable to fine 
which may extend, in the case of a masonry 
building, to one hundred rupees, and, in the 
ease of any other building, to Jiweuty rupees, and 
to further fine which may extend, in the case 
of a masonry building, to ten rupees, and, in the 
case of any other building, to two rupees, for each 
day during which he so fails after the first day. A 
TJnion Committee may provide the union, or any 
part thereof, with a supply of water proper and 
sufficient for public and private purposes ; and, 
for this purpose may— (a) construct, repair 
and maintain tanks or wells, clear out streams or 
water- courses, and do any other necessary acts ; (b) 
with the sanction of the District Board, purchase 
or acquire by lease any tank, well, stream or water- 
coucse, or any right to taka or convey water, within 
or witnout the union ; (cj with the , consent of the 
owner thereof, utilise, cleanse or repair any tank, 
well, stream, or water-course within the union, or 
provide facilities for obtaining water therefrom ; id) 
deal with any tank, well, pool, ditch, drain or 
place containing or used for the collection of, any 
drainage, filth, stagnant water, or matter likely 
to be prejudicial to health, by draining or cleans- 
ing it, or otherwise preventing it from being pre- 
judicial to health, but not so as in any case to 
interfere with any private right ; or (e) contract 
with any person for a supply of water. Wden 
a Union Committee has, with the consent of 
the owner, cleansed or repaired, or provided facili- 
ties for obtaining water from any tank, well, stream 
or water- course, the same shall, subject to any rights 
retained by the owner with the concurrence of the 
Committee, be reserved for drinking and culinary 
purposes, and shall be kept open to access by the 
public. Any tank, well, stream or water-course 
which a Uniop Committee may construct, repair or 
maintain, or purchase or acquire by lease, shall 
remain under the control and administration of the 
Union Committee ; and the Committee may, by order 
duly published in the village or villages in which such 
tank, well, stream or water-course is situated, set 
apart the same, or, any other tank, well, stream or 
water-course within the union, for the supply of 
water for drinking and culinary purposes. The 
duties of the Local Boards of Madras are as follow ; — 
Every Local Board shall, subject to such rules as may 
a 


from time to time be prescribed by the Governor in 
Council, and so far as the funds at its disposal may 
admit, provide within the areas under their authority 
or with the special sanction in each case of the 
Governor in Council without the said areas for the 
following purposes:— (i) the construction, repair and 
maintenance of roads, bridges and other means of 
communication ; (2) the planting and preservation 
of trees on sides of roads and on other public places; 
(3) the construction, maintenance and repair of 
hospitals, dispensaries, lunatic asylums, choultries, 
markets, slaughter-houses, cart-stands, drains, 
sewers, latrines, water-works, tanks and wells, the 
payment of ail charges connected with the objects 
for which such buildings have been constructed, 
the training and employment of medical practition- 
ers and vaccinators, the sanitation of towns and 
villages, the cleansing of the streets, drains, sewers, 
latrines, tanks and wells and other works of a simi- 
lar nature ; (4) the diffusion of education, and, 
with this view, the construction and repair of 
school-houses, the establishment and maintenance 
of schools, either wholly or by means of grants-in- 
aid, the inspection of schools and the training of 
teachers; (5) the establishment and maintenance of 
relief-works in time of famine or scarcity; (fij other 
measures of local public utility calculated to pro- 
mote the safety, health, comfort or convenience of 
the people ; (7) the payment of salaries, leave-allow- 
ances, pensions, gratuities and compassionate 
allowances to servants employed by the Local 
Board ; (8) the payment of any amounts falling due 
on any loans legally contracted by the Local 
Board. The duties of the District and Local 
Boards of Punjab are as follow:— (1) The Mow- 
ing matters shall, subject to such exceptions 
and conditions as the Local Government may 
make and impose, be under the control and 
administration of each District Board within the 
area subject to its authority:— (a) the management 
of all property vested in the District Board ; {b) the 
construction, repair and maintenance of public roads 
and other means of communication; (cj the estab- 
lishment, management, maintenance and visiting of 
public hospitals, dispensaries, sarais and schools, 
and the construction and repair of all buildings 
connected with these institutions ; id) the training 
of teachers and the establishment of scholarships ; 
(c) the supply, storage and preservation from pollu- 
tion of water for drinking, cooking and bathing pur- 
poses ;and{/) the planting and preservation ot trees, 
(2) The Local Government may direct that any 
of the following matters shall, subject to such ex- 
ceptions and conditions as it may make and impose, 
be under the control and administration of a District 
Board within the area subject to its authority 
(a) the management of any property vested in Her 
Majesty; (6) the eftablishment, maintenance, visiting 
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and managemenli of markefes, rest-houses, enoamp- 
ing grounds and other public institutions, and the 
construction and repair of ail buildings connected 
with these institutions; (c) the construction and 
repair of embankments, and the supply, storage and 
control of water for agricultural purposes ; (d) the 
preservation and reclamation of soil, and the drain- 
age and reclamation of swamps ; ie) the construction, 
repair and maintenance of famine-preventive works, 
and the establishment and maintanance of such re- 
lief- works, relief-houses and other measures in timeof 
famine or scarcity as may be entrusted to the charge 
of the Board by the Local Government ; (/) the regis- 
tration of births, marriages and deaths ; [g) fairs 
and agricultural shows and industrial exhibitious ; 
Oi) any other local works or measures likely to 
promote the health, comfort, convenience and inte- 
rests of the public or the agricultural or industrial 
prosperity of the country; and (i) any other 
matters which the Local Government may declare 
to be fit and proper matters to be taken under the 
control and administration of the Board. (3j The 
Local Government may cancel or modify any 
direction given by it under the Act. (4) A District 
Board shall, so far as the funds at its disposal permit, 
make due provision for all matters placed under its 
control and administration by or under the Act. 
The Local Government, or, subject to the control 
of the Local Government, a District Board, may 
direct that, within the area subject to the authority 
of a Local Board, any matter placed uuder the 
control and administration of the District Board 
shall be transferred to its control and adminis- 
tration of the Local Board. A Local Board, as 
the agent of, and subject to the control of, the District 
Board, shall, so far as the funds at its disposal 
permit, make due provision for all matters trans- 
ferred to its control and administration. It shall 
be the duty of the District Board to enforce the 
responsibility imposed on a Local Board. The duties 
of the District Councils and Local Boards of Central 
Provinces areas follow The following matters shall 
subject to such exceptions as the Chief Commis- 
sioner may, from time to time, by order in writing, 
make, be under the control and administration of 
the District Council and of the Local Boards within 
the areas subject respectively to their autho- 
rity:— (u) the construction, repair and mainten- 
ance of roads and other means of communication; 
(d) the management, maintenance and visiting of 
schools, hospitals, dispensaries, markets, rest-houses, 
sarais and other public institutions, and the 
construction and repair of all buildings connected 
with these institutions ; fo) the construction and 
repair*. of public wells, tanks and water- works, 
the supply of water from them and from other 
sources, and the preservation from pollution of 
Water for drinking and cooking purposes ; (d) the 


planting and preservation of trees on public 
grounds ; (e) the establishment and maintenance of 
relief-works in time of famine or scarcity ; (/) any 
other local works or measures likely to promote 
the health, comfort or convenience of the public ; 
and (g) the maintenance of any building or other 
property, vested under this Act in the District 
Council. Delations of Local Boards to District 
councils:— A local board as the agent of and subject 
to the control of, the District Council, shall, within 
the area subject to its authority, have the control 
and administration of, and be responsible for, all the 
matters except such of those matters as the District 
Council may thint^ fit to taka under its direct 
control and administration, and such as the Chief 
Commissioner may have excepted by order. It 
shall be the duty of the District Council to enforce 
the responsibility imposed on, by a Local Board. 
The ducies of Local Boards of United Provinces Qf 
Agra and Oudh are as follow Emy Board, 
shall, so far as the funds at its disposal will permit, 
but subject to such exceptions and conditions as the 
Local Government may make and impose, provide 
for the control and administration of the follow- 
ing matters within the district :— (a) the construc- 
tion, repair and maintenance of public roads, bridges 
and other means of commumoation ; (b) the planting 
and preservation of trees on the sides of roads and 
on other public grounds ; (c) the establishment, 
management and maintenance and visiting of 
hospitals, dispensaries, poor-houses, asylums, 
veterinary hospitals, markets, staging-houses,, in- 
spection-houses, public-parks and. gardens, and other 
public institutions and the construction and repair 
of, all buildings connected with these institutions ; (d) 
the construction and repair of school houses and all 
appurtenant buildings, the establishment, manage- 
ment and, maintenance of schools, either wholly or 
by means of grants-in-aid, the inspection of schools, 
the training of teachers and the establishment of 
scholarships ; (e) the construction and repair of 
public-wells, tanks, water-works, canals, embank- 
ments and drainage-works and the supply oi water 
from them and from other sources ; if) the construc- 
tion and maintenance of light railways ; ig) the 
construction, repair and maintenance of famine 
preventive works, the establishment and mainte- 
nance of relief works and relief houses and the 
adoption of such other measures of relief in time 
of famine and scarcity as may be considered neces- 
sary ; (h) the institution, holding and management 
of fairs, agricultural shows and industrial exhibi- 
tions, the breeding and medical treatment of cattle, 
horses and other animals and all measures tending 
to the improvement and assistance of agriculture 
and industries ; (i] the maintenance of any building 
or other property which is vested under this Act in 
the Board or maybe placed by the Local Government 
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under the mauagemenfj of the Board ; (j) the 
management of any public or private charities or 
trusts placed, by the order or with the consent of 
the Local Government, under the Board ; and (k) 
public vaccination, village sanitation and any other 
local works or measures likely to promote the 
health, comfort, convenience or interest of the 
public. A Board may also with the sanction of 
the Local Government and if directed by the Local 
Government, it shall, to the extent so directed-— 
(alunite with any other Boards in works or under- 
takings which benefit all the districts of which the 
Boards so unite ; and ft) contribute to any work 
or institution from which tbi district benefits, 
although such work or institution is undertaken or 
maintained outside the district. 


•Rules Regulating The Constitution And 
Functions Of The Madras Sanitary Board : 
As In Force On The 1st April 1916. 

1. The Sanitary Board shall consist of three 
members, namely:— (l) The Chief Engineer, Public 
Works Department. (2) The Surgeon-General. 
(3) The Secretary to Government in the Local and 
Municipal Department. 2. The Chief Engineer, 
Public Works Department, shall be the President of 
the Board, and Deputy Chief Engineer, Public 
Works Department, shall be its Secretary. 3. Sub- 
jects submitted for the consideration of the Sani- 
tary Board shall be considered either in meeting 
or by circulation of the correspondence. 4. The 
President may call a meeting of the Board when- 
ever he considers it desirable, and shall do so on 
the request of either of the other members. 5. The 
proceedings of the Board shall be in the form of 
resolutions. Resolutions of the Board shall, prior 
to issue, be circulated to all members, but the 
President may, in cases of urgency, direct the 
Secretary to issue a resolution prior to such full 
circulation, the papers being fully circulated as 
soon after as possible. 6. In the event- of a differ- 
ence of opinion among the members of the Board, 
the decision of the majority shall prevail. But any 
member may record a minute of dissent and may 
require that the same shall be submitted, with a 
copy of the resolution to which it relates, for the 
orders of Government, and the President shall forth- 
with submit the same with such remarks as he may 
have to offer. 7. All resolutions of the Board shall 
be signed by the Secretary. 8. The President may, 
through the Secretary, call for such information 
from Local Bodies and Government OfiSoers as may 
be necessary in order to elucidate matters which 
have to be laid before the Board. All such 
references shall be made in letter form, and not 
by proceedings. 9. All eommunications to the 


Sanitary Board, except those made by Govern- 
ment shall be addressed to the Secretary. The 
Government will address the Board direct. 10. All 
plans and estimates for any Municipal sani- 
tary work shall, if the amount of the estimate 
exceeds Rs. 500, but does not exceed Rs. 2,500, be 
submitted by the Municipal Gounci! for the sanction 
of the Sanitary Engineer. All plans a.nd estimates of 
any Local Fund sanitary work shall if the amount 
of the estimate exceeds Rs. 2,500, be submitted by 
tbe Local Board for the sanction of the Sanitary 
Engneer. Explanation.— (i) The limit of Rs. 2,500 
laid down in this rule does not include the cost 
of site, (ii) The term sanitary work includes 

(1) hospitals, dispensaries, markets, slaughter 
houses, latrines, incinerators, urinals and cesspools; 

(2) works connected with water-supply ; (3) works 
relating to drainage, (iii) The above rule does not 
apply to repairs which do not involve any important 
structural alterations or to works included in famine 
programmes. 11. Whenever it is proposed by 
any Local Board or Municipal Council to make any 
considerable improvements in existing village-sites, 
or to lay out new sites, or whenever it is proposed 
to grant house-sites near railway stations, such 
proposals shall first be submitted to the Sanitary 
Commissioner for approval. 12. Standard plans 
for sanitary works included in class 1 of explanation 
(ii) to rale 10 shall be issued by the Sanitary Board 
and distributed, with detailed estimates, to Presi- 
dents of District Boards and Chairmen of Municipal 
Councils for guidance. These plans and estimates 
will be prepared by the Sanitary Engineer and 
forwarded by him to the Sanitary Commissioner, 
who will then submit them to the Sanitary Board 
for approval. 13. When any sanitary work falling 
under rule 10 is contemplated by any Local Board 
or Municipal Council, it shall apply to the Sanitary 
Board for advice as to the standard plan most 
suitable for tbe purpose and the Sanitary Board 
shall advise accordingly. 14. (1) All plans and 
estimates for works of a sanitary nature, costing 
Rs. 10,000 or less, shall be prepared by Local Bodies 
in consultation, in all matters of importance, with 
the District Medical and Sanitary Officer. (2) In 
the case of District and Taluk Boards, they shall 
be signed or countersigned by the District Board 
Engineer in token of their accuracy in all respects. 

(3) In the ease of Municipalities possessing an Engi- 
neer officer, they shall be prepared and signed by 
that officer. (4) In the case of Municipalities 
which do not possess an Engineer officer, they shall 
be sent for scrutiny and countersignature either to 
the District Board Engineer or to tbe Executive 
Engineer of the Public Works Department, 
the Municipality paying the prescribed fee. (5) 
Plans and estimates costing upwards of Rs. 10,000 
shall be prepared by the Sanitary Engineer. 
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Nothing in this rule shall prevent Local 
Bodies from preparing estimates on standard plans 
to any amount. They may also prepare plans and 
estimates exceeding Es. 10,000 if the component 
parts are of similar design, e.g., a market with three 
similar sheds costing, say, Es. 3,400 each. 15 Plans 
and estimates for works costing over Es 2.500, but 
not over Es. 10,000, shall, unless they relate to any 
Local Fund work following a type-design after appro- 
val by the Local Boarder Municipal Oouncil concern- 
ed, be sent to the Sanitary Commissioner wbo will 
note his opinion thereon with sole reference to the 
sanitary points involved and forward them to the 
Sanitary Engineer, If the Sanitary Commis- 
sioner and the Sanitary Engineer agree as to 
these points, the Sanitary Engineer will accord 
profeisional sanction to the estimates. In case of 
disagreement between the Sanitary Commissioner 
and the Sanitary Engineer as to any such point, 
the latter shall make a reference to the Sanitary 
Board who will deal with the matter under rule 16. 
16. Plans and estimates costing over Es. 10,000, 
shall be sent to the Sanitary Commissioner who 
will note his opinion thereon on the sanitary 
aspects only and forward them to the Sanitary 
Board (u) through the Sanitary Engineer if they 
have been prepared by Local Boards or (b) direct if 
they have baen prepared by the Sanitary Engineer 
provided that in the latter ease he may, if he con- 
siders it necessary in any particular case, return 
them to the Sanitary Engineer for further scrutiny 
or revision. In that event the Sanitary Engineer 
will scrutinize the plans and estimates, complete 
them in the form finally decided upon and for- 
ward them to the Sanitary Board. If the Sanitary 
Board approves of the estimate and if the amount 
does not exceed Es. 20,000, the Board shall return 
it to the Sanitary Engineer for professional sanction. 
If the Sanitary Board does not approve of the esti- 
mate, it may either cause it to be revised by the 
Sanitary Engineer or may return it for revision to 
the Local Body concerned. If the amount of tbe esti- 
mate as finally approved by the Sanitary Board 
exceeds Es. 20,000, the plans and estimates shall 
be submitted to Government for sanction through 
the Chief Engineer. 17. The Sanitary Engineer 
Will have the powers of a Sunerintending Engineer 
and will under paragraph 311 (a) of the Public 
Works Code, be empowered to accord profes- 
sional sanction to estimates up to Es. 20,000. 
18. If a Local Board or a Municipal Council or other 
authority objects for financial or other reasons to 
adopt a design or an estimate prescribed by tbe 
Sanitary Board, it shall apply to Government for 
orders,^ 19. The President of any Local Board or 
Municipal Chairman may, at anytime, address the 
Sanitary Engineer or Sanitary Commissioner regard- 
ing any advice lepired in connection with any 


sanitary work. 20. It is the duty of the Sanitary 
Commissioner from time to time to bring to the 
notice of Government or of the Sanitary Board 
cases where the need of water-supply or drainage 
schemes is specially indicated. Such needs may 
also be brought to tbe notice of Government from 
other sources. Where such needs are recogoised by 
the Government or the Sanitary Board, orders 
will be passed to include them in a register of 
schemes in regard to which preliminary reports 
are to be submitted to the Sanitary Board under 
this rule. This register, copies of which will be 
maintained by the Sanitary Commissioner and by 
the Sanitary Engineer, will record a field of 
work for preliminary enquiry, and will enable 
the Government to pass special directions, if 
need be, in regard to the order of urgency in which 
this preliminary work is to be dealt with. Orders 
to include a scheme in the register will imply that 
the Sanitary Engineer is to draw up, in consulta- 
tion with the Sanitary Commissioner and the Local 
authorities, a prelim inary report for a feasible scheme 
or for alternative schemes giving the general 
outlines of each. In the case of water-supply 
schemes information should be furnished as to the 
source and quality and probable quantity of supply 
and the method of distribution. In tbe case of 
drainage schemes, information should be furnished 
as to tbe general features, such as the extent to 
which pumping will be necessary, or any special 
system of disposal of sewage by sewage farm or 
otherwise. In every case, the approximate cost 
should be stated. Too much detail should be 
guarded against and only such items of information 
supplied as will enable the authorities to decide 
whether the scheme is such as will warrant the 
preparation of detailed plans and estimates. The 
reports will be submitted by the Sanitary Engineer 
through the Sanitary Commissioner and signed by 
both officers, If on any point there is a divergence 
of opinion between these officers, a free expression 
of the opinion of each should be submitted for 
orders of the Sanitary Board with the report. The 
orders passed by Government on these preliminary 
reports will be recorded in the register so that the 
schemes, if approved, may be brought to the Sani- 
tary Engineer’s annual programmes of work for 
detailed investigation and estimates in due course, 
Detailed plans and estimates for schemes of water- 
supply and drainage estimated to cost over 
Es. 10,000 will never be drawn up without the 
specific orders of Government. 21. Tbe Sanitary 
Engineer will, in concert with the Sanitary Com- 
missioner, draw up and submit to the Sanitary 
Board, so as to be received not later than the 28th 
February annually, a statement of the larger sanitary 
works with which he proposes to deal in the 
following official year. This list shall, after approval 
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by tibe Board, be submitted for the orders of 
Government. 22. Every Local Board or Municipal 
Council, which has, during any calendar year 
submitted any estimate to the Sanitary Board 
and received the Sanitary Board’s order thereon, 
shall submit to the Sanitary Board not later 
than the 31st January of the year following a 
statement showing the subject and amount of 
the estimate, the number and date of the Sani- 
tary Board’s resolution passing orders thereon, 
the present position of the work whether execut- 
ed, under execution or otherwise, and informa- 
tion as to the cause of delay if the execution of the 
work has not been completed.^ 23. The Sanitary 
Commissioner and the Sanitary Engineer shall 
each prepare an annual report of the work of his 
department during the preceding calendar year 
and shall submit it to the Sanitary Board so as 
to^ba received by it not later than the 1st; April 
annually. The Sanitary Board shall submit these 
reports, together with its own, to Government so as 
to be received by the 15th May in each year. 
24. The Sanitary Commissioner and the Sanitary 
Engineer may address Government on matters 
unconnected with the Sanitary Board’s work as 
laid down above in their respective capacities as 
heretofore, and may eommunioate direct with 
Government or Jjooal Bodies in regard to — (l) 
Matters of routine. (2) The status, discipline and 
promotion of, and the conduct of their duties by, 
fcheirown subordinates. (3) In thecaseof the Sanitary 
Commissioner, the sanitary state of works, inspec- 
tion notes, arrangements for improved sanitation, 
etc. (4) In the case of the Sanitary Engineer, the 
execution of works not being or to be carried out 
by the Department of Public Works and arrange- 
ments with Local Boards and Municipal Councils in 
reference thereto, or the after maintenance of such 
works. (5) Eeports required by Government, 

Syllabus In Minor Sanitary Engineering. 

Eor a five months’ course in the Sanitary Engi- 
neer’s Office, Madras, the Syllabus prescribed by 
Government is as follows : — General :-“''The use of 
drawing instruments. The use of scales. The read- 
ing of plans and sections. The calculation of gradi- 
ents. Chain surveying and the practical use of levell- 
ing instruments. The measurement of areas and 
volumes including the calculation of small quantities 
of earth-work, brick- work, masonry, etc. Estimating 
for minor and temporary works. Buildings; — The 
description of soils and strata best suited for the 
erection of buildings in respect to stability and 
healthiness of the dwellings erected thereon. The 
necessity for foundations, their proper depth, etc. 
Knowledge of the various building materials, such 
as brick, stone, lime, surki, asphalt, paints, etc, 
Their quality and the possible influence of the 


atmosphere on them. Their suitability for use 
in various parts of a building. To distinguish 
between good and bad brick, timber, lime, cement, 
etc. The methods of ventilation applicable to 
Indian conditions. Main details of the construc- 
tion of permanent and semi-permanent hospital 
wards as gained from a study of plans. The area 
and cubic soace required in ordinary and contagious 
wards. The details of design of latrines as gathered 
from a study of plans—permanent and temporary. 
Details of nightsoil depots and a knowledge of 
method of trenching, covering, etc. Water-supply 
The inspection of sources of supply and deter- 
mination by inspection as to their suitability 
for dietetic purposes. The proper construction 
of wells to prevent the inlet of surface polluted 
water. The calculation of the capacity of a well 
and the average supply of water likely to be 
obtained from it. Methods of filtering and purify- 
ing small quantities of water or of otherwise 
rendeftng it safe for domestic use. The method of 
drawing samples of water for chemical examination 
from water taps, tanks, and streams. Simple 
methods of calculating the discharge of small chan- 
nels. The various methods of raising water used 
in India and the construction of the ordinary lift 
and force pumps. The use and construction of 
small cisterns and tanks for the storage of water. 
The quantity of water necessary per diem per 
head for a town population, and for horses and 
other animals. The method of driving tube wells, 
their use, and the position in which suitable. 
Drainage :~The materials used in drainage works. 
The use of drainage pipes, glazed and unglazed, 
brick drains, syphon traps, cesspools, septic tank, 
etc. The various methods of house and street 
drainage. Knowledge of methods for the rough 
determination of the discharging capacity of an 
open drain, channel, closed pipe and sewer. The 
proper gradients for drains of varying sizes. The 
various methods of pipe-jointing in closed drainage 
and sub-soil drainage, The variation in sub-soil 
water-level and its effect on health. The methods 
of excluding sub-soil water from areas and spaces 
below ground level. The methods of flushing and 
cleaning drains, and of drain testing. Disposal of 
sewage, etc -Methods of sewage purification. The 
action of the septic tanks, bacterial and other 
filters, and of land, etc, Tbe relation of the 
septic tank to the old cesspool. Simple plant for 
domestic sewage disposal. The formation of small 
collecting tanks and areas for sewage filtration, 
The proper crops to grow under sewage irrigation. 
The sub-soil drainage of sewage farms, when neces- 
sary and when not. The maximum area which 
can be irrigated by any quantity of sewage. The 
maximum amount of sewage which can be put in an 
area to ensure a maximum return in relation to 
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temperature and climate. No candidate will be 
admii'ted to the examination unless he produces a 
certificate signed by the Sanitary Engineer or the 
Personal Assistant to the Sanitary Engineer that 
he has undergone a five months’ course in Minor 
Sanitary Engineering. The examination shall com- 
prise — (1) a written examination, and (2) a 
practical and viva voce examination. The distri- 
bution of marks and the minima required for 
passing shall be as follows : 

Min. for passing. 

Max. '■ 

1st class. 2nd class. 

Written examination (three 

hours), 50 25 20 

Practical and viva voce 

examination. 50 25 20 

Total ... 100 60 45 

The practical examination will be thorough and 
may involve as much as five hours’ work on the part 
of candidates. 15 of the 50 marks will be allotted for 
the viva voce portion of the examination. For the 
special course of eight weeks at the Medical College, 
Madras, in A'ivanced Minor SanitaryEngineering for 
Assistant Surgeons qualifying for the post of 
Sanitary Assistants and Second Class Health 
Officers, the syllabus prescribed by Government is as 
follows r—Drawing Use of drawing instruments, 
scales and accessories, making dimensioned sket- 
ches from actual objects and models ; preparation^ 
of simple drawings from sketches and specifications;' 
reading of plans and sections including plotted sec-l 
tionsof levels and "gradients. Estimating :—Men-l 


suration of simple surfaces and solids, calculation 
of gradients; quantity surveying, estimating and 
drawing out detail specifications for minor and 
temporary works. Buildings t—Sites and materials; 
construction of ordinary and special buildings, 
both permanent and temporary ; their details from 
study of plans ; opening up of congested areas ; 
planning of village and town extensions. Practical 
study by visits to sanitary works comprising slaugh» 
ter-honses, medical institutions, markets, latrines, 
dhobikhanas, conservancy depots, trenching ground, 
etc. Municipa" 'ly-laws relating to bouse construc- 
tion. Water-supply:— The various schemes; general 
principles govermijig their design ; data for preli- 
minary proposals ; construction of wells, tanks, tuba- 
wells and borings ; calculation of capacities ; deter- 
mination of yield from springs and discharge from 
channels and small streams. Various methods of 
lifting water with details of appliances used ; con- 
struction of small cisterns and tanks for storage of 
water ; pipes and fittings. Practical study by visits 
to at least three water- works in operation. Inspec- 
tion of at least three villages to study practically 
existing methods of water-supply and suggestions 
for improved water-supplies. By-laws relating to 
water-supply. Drainage Description and com- 
parison of the various systems ; general principles 
governing their design ; data for preliminary propo- 
sals; drainage materials and their use; proper 
construction of drains, testing and maintenance of 
drains. Practical study by visits to at least two 
drainage works in operation. Practical make-shift 
methods of sewage disposal and drainage works for 
small quantity of sewage. Disposal works, By- 
laws relating to drainage. 



DEAWINO: THE USB OF DEAWING INSTEUMENTS, SCALES 
AND ACCESSOEIBS. 


Drawing. 

Drawing is iihe language of the engineer and fehe 
estimate is considered the language ot the financier. 
In the present-day system of gene’ ' education in 
High Schools, prominence is now oeing given to 
drawing, free hand and outline, ^a^d with drawing 
instruments. It is only now that a beginning is 
being made in this country to create an interest in 
the art of Drawing by the inclusion of Drawing as 
one of the subjects in the curriculum of studies in 
ouj; High Schools. In the Elementary Grammar 
schools at Home, Drawing is being taught as a 
compulsory subject and if wa compare the progress 
of knowledge in the art of Drawing in this country 
with that ot England it will be seen that the former 
is half a century behind the latter. As England 
progresses in tnis art of drawing day after day at a 
fast rate and as we are 50 years behind England 
and as our rate of progress is slower than that of 
England, we will ever be much behind England in 
this art. However this may be, there is no reason 
to view the situation with a spirit of despondency. 
The arc of drawing may, in my opinion, be divided 
into two stages, viz., 1. the stage of necessity and 
2. the stage of luxury. We should appreciate the 
importance of drawing and aim at reaching the 
stage of necessity by steady and continued progress. 
It is immaterial how far we are behind other coun- 
tries in the second stage of luxury, I will describe 
tberelore, in this lecture the elementary essentials 
of plan-drawing. 

Drawing Papers, 

The Drawing papers known as Whatman’s are 
the best prepared of any obtainable and they are 
almost universally employed. The following are 
the usual sizes in inches of drawing papers Demy 
20 X 15i ; Medium 22 X 17 ; Royal 21 x 19i ; 
Super-royal 27 x 19 ; Imperial x 22 : Oolum- 
bier 34 X 23 ; Atlas 34 x 26 ; Double elephant 
40 X 27 ; Antiquarian 53 X 31 ; Extra antiquarian 
56 X 38. 

Drawing Instruments. 

A list of Drawing instruments used in the Madras 
P,W.D. is given below 

Per Es. A. P, 
Instrument, mathematioal, 1st olass, Box ... 63 11 6 

Do. 2nd do, „ ... 38 0 11 

Do. Old do. ,j ... 25 7 1 


Instrument, mathematical, 3rd class in 

fish skin case, large Case 

... 16 

11 

10 

Do. do. small „ 

... 4 

6 

10 

Bale, parallel, brass, rolliog, 2i ins. each 

... 24 

6 

6 

Do. do. 18 „ 

... 16 

13 

0 

Do. do. 15 „ 

... 14 

9 

8 

Do. do. 12 „ 

... 12 

6 

3 

Do. do. 8 „ 

... 14 

2 

7 

Do. do. 6 „ 

... 10 

9 

0 

Scale, plotting, boxwood, 6 in a set 

with ofi-sets Set 

... 7 

13 

1 

Straight e:lge, graduated in feet, 

inches and tenths Each 

... 18 

9 

4 

Decimal scales with ofi-sets ... Set 

... 2 

1 

0 

Set squares, vulcanite, Stanley’s, 

8 inches long, 1 to 1 slops ... Bach 

... 1 

2 

11 

Do. , 2 to 1 slope 

... 1 

2 

11 


Use Of Drawing Instruments. 

It may here be stated that a detailed description 
of the use of drawing instruments is not given in 
books on drawing on the presumption that the use 
of these instruments is “ familiar” to all. As far 
as you are concerned, I know that you are not 
‘familiar ’ with the use of mathematical instruments. 
I will give therefore a short description of the use 
of the common instruments. 1. Compass with plain- 
point lor measuring lengths of more than 1 inch 
and less than 6 inches on scales and setting them 
off on drawing sheet. In practice the dimensions are 
marked on drawing paper direct with the scales. 
If any dimension is required of a completed draw- 
ing, it is measured by the compass and the mea- 
surement is read from the scale of the drawing. 2. 
Compass with pencil point :-Ior describing in 
pencil arcs or circles the diameters of which are 
between 3| inches and 8i inches. 3. Compass with 
ink point For describing in ink arcs or circles the 
diameters of which are between li inches and 8| 
inches. 4, Lengthening bar of compass : “For de- 
scribing arcs or circles of diameter between 8| inches 
to 13 inches by attaching same to the shifting leg 
of the compass. 5. Hair divider For measuring 
distances with greater delicacy than is possible with 
the compass. 6. Pencil sweep :~For drawing arcs 
or circles in pencil the diameter of which is between 
I or i of an inch and 3i inches. 7. Ink sweep 
For drawing arcs or circles in ink the diameter of 
which is between | of an inch and l| inches. 8. 
Spring bow divider For setting off distances up 
to I of aninoh. 9. Spring pencil bowl— For de- 
scribing arcs or circles in pencil between 1/40 of an 
inch to I of an inch in diameter. 10. Spring ink 
bow '—For describing arcs or circles in ink between 
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1/40 of an inch to f of an inch in diameter. 11. 
Drawing pen lor drawing in ink straight lines. 
12. Proportional compass For reducing or en- 
larging drawings in any given proportion either 
superficial or solid. 13. Knife key For bringing 
the black lead pencil to a fine point, for mending 
pens, cutting pencils, for tightening and loosening 
the pivot of compass, and for screwing and un- 
screwing the screws at the knee joints of the 
compass. 14. Key For tightening and loosening 
the pivot of compass, and for screwing and 
unscrewing the screw in the knee-joints of the 
compass. 15. Sis inches parallel ruler:— For 
drawing parallel lines up to 6 inches. 16. 45® set 
square For drawing straight lines making with 
the base angles of 90° and 45° and parallel lines. 
17. 60° set square :~-For drawing straight lines 
making with tne base angles of 90° and 60° and 30° 
and parallel lines. 18. French curve For drawing 
curved lines which cannot be drawn with the com- 
passes. 19. Protractor For measuring angles 
and for laying down angular lines to a base line on 
a drawing paper and also for measuring off distances 
from scales which are marked on protractors 
with the aid of compasses or bows. 20. Sector 
This instrument which is supplied with first 
class mathematical instrument boxes is usually 
kept as a kind of established ornament. Practi- 
cally its use IS extremely limited. Nevertheless it 
is an ingenious instrument and the description of 
its practical uses would occupy many pages and I 
will therefore mention here that this instrument 


may be used to divide the ciroumfarenca of a circle 
into any number of equal parts from 4 to 12 and 
for obtaining the diminishing proportion of chords, 
tangents, and secants, etc. 21. Rolling parallel 
ruler For drawing parallel lines. 22, Straight 
edge For drawing long straight lines. 23. Plotting 
scales For marking off distances in drawings. The 
uses of the different scales will now be described, 

Scales. 

In actual practice it would be impossible to make 
a drawing to full size of every object which we 
desire to show in a drawing. It is therefore neces- 
sary to draw the ^lans or maps to what is termed 
“ to scale" ie., each line in the plan is made with a 
fixed and known proportion to the line it represents. 
In a drawing, drawn to scale, if one line one inch 
long represents a line of 100 feet of any object then 
the scale of the drawing is said to be "one iqch 
equals 100 feet.” In ocher words the drawing 
represents the object to a size of This is 
termed the representative fraction of the drawing, 
the numerator being always 1 (inch) and the de- 
nominator being the actual length of the object in 
inches represented by 1 inch in the drawing. 
In books on drawing the statement is made that 
"representative fraction” or the proportion of the 
drawing to the actual object should be entered in a 
conspicuous place on every plan. This is never 
done in practice and no useful results would be 
achieved by entering on the plan the ‘ representative 
fraction.’ 



DRAWING : READING OF PLANS AND SECTIONS INCLUDING 
PLOTTED SECTIONS, LEVELS AND GRADIENTS. 


Plans. 

Having stated that objects are represented on 
drawings to proportional sizes as may be required, 
let me now lead you to the practical application of 
this statement by first defining the expression ' plan.’ 
A plan is a representation drawn on a plane, as a 
map or a chart. Thus then, a plan is a general 
term for any graphic representation. In practice, 
the word is also commonly employed for a repre- 
sentation or delineation of a horizontal section of 
anything as of a building. For the present, I use 
the word ‘ Plan ’ in the general*sense representing 
aifV drawing. Plans may be divided into the follow- 
ing classes 1. Plans of surveys. 2. Plans of 
level sections. 3, Plans of buildings. 4. Plans of 
maoh.ines, engines and other appliances. 

SuPYey Plans. 

As regards plans of surveys the different maps 
which are available for sale, with particulars as to 
scale, use, etc., are shewn below 


d 

% 


H .. 

Kemarks. 

« 

Description. 

« O 

U 

o 


m.S 

’ 

CQ 


1 


1 

Maps ■ published ac 
cording to .4cts o! 
Parliament, 

6 miles 
i miles 

1 mile 

Useful for explor- 
ing the country. 

A specimen is illus- 
trated in plate 1- 

2 

District maps 

8 miles 

4 miles 

2 miles 
*2 miles 

Useful for explor- 
ing the country. 

A specimen is illus- 
trated in plate 2. 

3 

Taluk maps 

Useful for explor- 
ing the country. 



1 mile 

A specimen is illus- 
trated in plate 3. 

4 

Village maps 
Proprietary village 
maps 

660 fr. 
330 ft, 
1320 ft. 

Useful for general 
index plans of irriga- 
tion and water supply 
schemes. A specimen 
is illustrated in plate j 

K 

Town maps 

528 ft. 
264 ft. 
132 ft. 
66 ft. 

4. i 

Maps of towns ofj 
scales 1 inch =528 and; 
1 inch =264 ft. are; 



useful for index plans | 
of water supply and ; 





drainage works. 

Town maps show- 
ing the whole area of 
a town to one scale 
one inoh=l32ft., or 
one inch =66 ft., ate 
not available. These 




maps are useful for 
details of water 




supply and drainage 
schemes. 




A specimen is illus- 
trated in plate 5. 


Maps 1 to 5 may be had coloured or uncoloured 
free of cost on the public service and for cash on 
private requests. In the Presidency of Madras, 
applications should be made to the Director of 
Surveys, Chepauk, Madras, for District and Taluk 
maps, to the Collectors or Tahsildars for village 
maps, to Chairmen of Municipal Councils for 
mofussii Town maps, and to the Deputy Collector 
of Madras for Madras City maps. The prices of 
District and Taluk maps depend on:— 1. size of 
maps; 2. whether coloured or uncoloured; 3. 
whether mounted or unmounted. For an uncolour- 
ed and unmounted District or Taluk map the general 
average price is Rs. 2. The price of a village map 
depends upon the area and the number of sheets 
subject to a minimum price for each complete village 
irrespective of the number of sheets as shown 
below 




Minimum charge for 

Area in acres. | Price per sheet. 

the whole map of one 
village irrespective 



of number of sheets. 

From i 

To Annas. 

Annas. 

Under 

1,000 

4 

1,000 ' 

1,500 

6 

1,500 ' 

2,000 

8 

2,000 ^ 

3.C00 

10 

3,000 1 

4,000 

12 

4,000 

6,000 

14 

5.000 

5,600 

16 

Above ! 

5,500 



Taking the case of a village the area of which is 
3050 acres and is shown in 5 sheets the cost of 
the village map will be 12 annas and not 5 X 2 or 10 
annas. Taking another case of a village of same 
area of 3050 acres but shewn in 7 sheets the cost 
of the village map will be 7X2 or 14 annas and 
not 12 annas. In the case of Town maps, it may 
be stated, that 1. for convenience of survey, each 
ward has been divided into blocks, the area of each 
block being about 10 acres in crowded localities ; 
2. each block contains two or more properties ; 3. the 
map of each block is printed in one or more sheets; 
4. the maps are not coloured ; 5. the price of each 
sheet is 4 annas. For illustrations as index plans, 
etc., the above available maps will be used shewing 
thereon the proposals in red. Details of proposals 
cannot be shewn in plans drawn to small scale, 
The following table shews at a glance the smallest 
dimension that can be shewn in the available 
survey map^ 
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Seale of maps, 1 inch 
equals. 

j 

Smallest dimension 
of detail that can 
be shewn. 

Feet. 

8 miles 


6 miles 

528 

4 miles : 

S52 

‘2 miles 

176 

1 1 mile 

88 

* 1820 feet 

22 

i 660 feet 

11 

528 feet 

8‘8 

I 330 feet 

5’5 

I 264 feet 

4‘4 


132 ieeb 2'2 

66 feeti 

In eases where an' existing map is drawn to a 
small scale and unsuitable for shewing thereon 
all details you desire to shew, then you may 
enlarge the drawing or you may survey the site 
with compass and chain or with chain only and 
plot the area to any scale you require. It may be 
that maps of the particular locality required by you 
are not available. In such cases, you will have to 
survey and prepare the required survey plans. 

Scale For Drawings. 

^ Having determined the longest and smallest 
dimensions required to be shown and as the size of 
plans in the P.W.D. is usually 38 inches X 25 inches 
within border lines, scales to which the . plans 
should be drawn can be obtained from the follow- 
ing table 


Scale, 

Smallest dimension 
of detail that can 
be shewn. 

Greatest length of 
detail that oan be 
shewn in feet for a 
length of 36 inches- 

Greatest breadth of 
detail that oan he 
shewn in feet for a 
length of ‘23 ins. 

1 

2 

3 

‘4 

1 iaoh»l inch 

1/60 inch 

3 

1*9 

1 inoh=K2 inches 

1/30 inch 

'6 

3'8 

1 inch « 3 inches 

1/20 inch 

9 

5*7 

1 inch* 4 inches 

1/16 inch 

12 

7*7 

1 inch « 6 inches 

If 10 inch 

18 

11’5 

1 inch -8 inebea 

2/15 inch 

24 

16'3 

1 inch sa 10 inches 

1/6 inch 

30 

19’16 

1 inch *12 inohee 

1/6 inch 

36 

23 

1 inch » 2 feet 

5/6 inch 

72 

46 

1 inch® 3 feet 

3/5 inch 

108 

69 

1 inch » 4 feet 

4/5 inch 

144 

92 

1 inch *=5 feet 

1 inch 

180 

116 

1 inch* 6 feet 

1| inch 

216 

138 

1 inch *8 feet 

If inch 

238 

184 


Scale. 

Smallest dimension 
of detail that oan 
be shewn. 

Greatest length of 
detail that can be 
shewn in feet for a 
length of 36 inches. 

Greatest breadth of 
detail that can be 
shewn in feet for a 
length of 23 ins. 

1 inch * 10 feet 

2 inches 

360 

— 1 

230 i 

1 inch *12 feet 

2| inches . 

432 v' 

276 

1 inch* 16 feet 

3| inches 

576 

368 i 

1 inch *20 feet 

4 inches 

720 

460 

1 inch *30 feet 

6 inches 

1080 

690 

1 inch =33 feet 

6f inches 

1188 

759 

1 inch =40 feet 

^ 8 inches 

1440 

920 

1 inch *50 feet 

10 inches 

1800 

1150 

• 1 inch =60 feet 

1 foot 

2160 

1380 

1 inch =66 feet 

I’l feet 

2376 

1618 

1 inch = 100 feet 

V66 feet 

3600 

2300 

1 inch =132 feet 

2*20 feet 

4752 

3036 

1 inch =200 feet 

3 3d feet 

7200 

4600 

. 1 inch =264 feet 

4*40 feet 

9504 

6072* 

1 inch* 300 feet 

5 feet 

10800 

6900 

1 inch =330 feet 

5‘5 feet 

11880 

7590 

1 inch = 528 feet 

8‘S feet 

19008 

12144 

]/l0 

1/6 inch 

30 

19‘2 

]/25 

1/12 inch 

75 

47'9 

1/50 

5/6 inch 

150 

95'8 

1/75 

1:1 inches 

225 

143*7 

l/lOO 

If inches 

300 

19r6 

1/200 

I 3| inches 

COO 

383*3 

1/300 

5 inches 

900 * 

575 

1/400 

6f inches 

1200 

766 7 

1/500 

i 81 inches 

1500 

958‘8 

1/600 

1 10 inches 

1800 

1150 

1/700 

Ilf inches 

2100 

1341*6 

1/800 

I3f inches 

2400 

1533*3 

1/900 

15 inches 

2700 

1725 

1/1000 

16'67 inches 

3000 

1916'6 


^ When the size of a drawing is not limited by any 
given dimensions and in a case where the least 
dimension to be shewn is not found in column 2 of 
above table, the scale of the drawing should be that 
of the next smaller figure of col. 2 to that required. 
For instance, where the least dimension to be 
shewn is 6 inches and as this figure is not available 
in col. 2 the next lower figure to 5” in col 2 is 4” 
and the scale corresponding to the least dimension 
of 4 is 1 inch equals 20 feet and this should be the 
scale of the drawing, In col. 1, are given the usual 
scales for (Jrawings.^ Odd scales differing from 
those in col. 1 are inconvenient and not recom- 
mended in practice. 

Sections. 

We shall for the present understand that level 
sections are graphic representations showing 
1. the lie of any locality with reference to a given 
datum line; 2. the proposals affecting the existing 
he of a locality by constructing tanks, etc., 3. the 
levels of water supply pipe lines and drainage. 
From a perusal of plate 196 you will observe that two 
diaerent soales are aidopted-for^he drawkriv'-’At'tbe* 
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least dimensions require to be shewn horizontally 
and vertically usually differ the scales are different. 
The scales feo which these sections should be drawn 
are fixed with reference to table on page 18. Some- 
times, both horizontal and vertical scales are same 
and then they are termed ‘ Natural scales,’ see plate 
164. 

Plans Of Buildings. 

As regards plans of buildings, I will refer you to 
the following plates Plates 6 to 10 are plans of 
buildings. In the case of drawings of buildings, the 
least dimensions usually required to be shewn vary 
from 4/5th of an inch to 2 inches and the scales for 
buildings are generally 1 in^ equals 4 feet ; 1 
inch equals 5 feet ; 1 inch eouals 6 feet; 1 inch equals 
8 feet ;1 inch equals 10 feet; 1/50; 1/75; 1/100; 
{Vide table on page 18). The plan of a building is a 
delineation of a section cut along an imaginary 
bjDrizontal plane and they are designated, Plan at 
ground floor ; Plan at basement; Plan of first floor ; 
and Plan of second floor. The sections are deli- 
neations, along imaginary vertical planes. The 
illustrations, plates 6 to 10, are selected and arranged 
carefully to enable you to understand them easily 
and also for the purpose of shewing the correct 
positions in building drawings for plans, sections, 
and elevation. As a rule in building drawing, 
the word ‘ Plan ’ is used for the horizontal sectional 
view of the building at basement level. This delinea- 
tion of a building called ‘ Plan ’ is given with the pur- 
pose of shewing 1, the thickness of walls, 2, the size 


(except height) and shape of rooms, 3, the positions 
of doorways, windows, staircases, etc. When build-, 
ings are two or three storied, then plans at levels 
of the different floors should be given. One or 
more vertical sections are given for the purpose of 
shewing 1. the height of the rooms, 2. the depths of 
the floors, 3. the breadths and widths of the founda- 
tions, and 4. dimen?ioDS of doors, windows, and 
ventilators. On an inspection of plates 6 to 10 it 
will be seen that the above dimensions cannot 
possibly be shewn on the horizontal sections of the 
buildings termed ‘ plans.' An elevation is given to 
enable the view of a building to be undertstood. 
Usually this view is given as you view the front of a 
building ; sometimes, end and rear elevations also 
are given. Before I conclude this portion of my 
lecture on building drawing I should take the 
opportunity of drawing your attention to a few 
important points. They are:—!. Every dimen- 
sion required for estimating should be entered in 
figures in the drawing and on no account should 
any dimension be omitted which necessitates the 
estimator or the workman to obtain any required 
measurement by the use of the scale or the foot rule. 
It should be distinctly understood that the scale 
entered on a drawing is solely for the object of 
checking the drawing and not for obtaining any 
dimensions. 2. Over-all dimensions should in 
every case be given so that they may be stated 
without the use of the scales and without having to 
add a number of smaller dimensions. 



ESTIMATING: MENSUEATION OF SIMPLE SUEFACES AND SOLIDS; 
THE MBASUEEMENT OF AEEAS AND VOLUMES INCLUDING THE 
CALCULATION OP SMALL QUANTITIES OF EAETHWOEK, BEICK- 
WOEK, MASONEY, ETC.; ESTIMATING AND DEAWING OUT DETAIL 
SPECIFICATION FOE MINOE AND TEMPOEAET WOEKS AND CAL- 


CULATION OF GEADIBNTS. 

Blstimates. 

An estimate, is the written opinion of the 
intrinsic (money) worth, extent and quantities of 
the different kinds of work and materials proposed 
for any Engineering work. I use the expression 
‘ opinion ’ in the definition of the word ‘Estimate ’as 
an estimate primarily implies an exercise of 
judgment in determining the amount, the suitability 
of the different kinds of work and materials and 
the magnitude and importance of any proposed 
Engineering work. The duty of drawing up an 
estimate is an important preliminary for the carry- 
ing out of any Engineering work and should be 
performed with considerable care and tact. As an 
estimate is a forecast of the probable amount re- 
quired for the carrying out of a work, there is the 
possibility of the work being over-estimated or 
under-estimated. If a work is over-estimated then 
there is the result of the work never being done on 
the ground of the cost being excessive and beyond 
possible resources. On the other hand if it is 
under-estimated, the consequences are more serious 
as the excess funds required for the completion of 
. a work if it was in progress may be found impossible 
to raise and the subordinate responsible for the 
estimate, if he is in service of Government or a 
Local Body, is severely dealt with. Every endeavour 
should be made to draw up your estimates for 
Engineering works so that your forecast is a very 
close approximation to the actual expenditure likely 
to be incurred in the construction of the work. 
The estimate will consist of (a) a report, (h)^ 
speoificatiqp , (c) a detailed statemenroOgeasure^ - 
menta and quantiSias. ru ¥hsi;^^fl,pTahAwmf:t 

the total estimated cost of eacfltemrand^lEe grind 
" ^total oosrof _airtffe items. The first re^uirem^t 
loTpreparing a^^timate js a set of proper plans. 
T ha is a sneomoSion whic h 

is usually drawn up bv E ngineers or Assistant 
Engfffegrir When proper plSFanTlpemEStos 
ke Iwaffffife then the detailed estimate of mea- 
surements and quantities can be prepared. From 
the detailed estimate, the abstract estimate should 
tshen be drawn up. With the informations available 
in the above four documents a report should be 
drawn up which is usually done by Engineers and 
Assistant Engineers. In the work of preparation of 


an estimate the most important duty devolving on 
the junior subordinates of an Engineering Depart- 
ment is the drawing up of the detailed estimate of 
measurements an d^ quantities to agree with the 
plans and the specifications furnished to the sub- 
ordinate for the purpose of preparing a detailed 
estimate. In order to be able to do this, the subor- 
dinate should possess a knowledge of the ordinary 
rules of mensuration. In this view, the following 
essential rules of mensuration are here given. 

Mensuration Of Surfaces. 

(1) Area of a triangles Base X | perpendicular. 

( 2 ) Area of a triangle whose sides are h and c 
and half their sum is ss \/s (s- a) (s—^) (s— -c) 

(3) Area of a square, rectangle, rhombus, or rhom- 
boid, the opposite sides of which are parallels 
Base X perpendicular. 

(4) Area of a trapezoid, two sides only being 
parallels Mean length X perpendicular. 

(5) Area of a trapezium or any irregular figures 
Areas of triangles into which the figure may 
bo divided. 

(6) Area of a circle =’7854 X diameter^ 

(7) Circumference of a circle=31416 X diameter. 

(8) Area of a circular sectors Length of arc X | 
Eadius ; or number of degrees in arc X area of 
the circle divided by 360. 

(9) The area of a segment a Area of a sector~i 
chord X (radius— Versin) : or diameter*^ X x 
(see table.) 5 = The versed sine divided by the 
diameter of the circle of which the segment is 
a part. 
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(10) Area of parabola = Base X 2/8 height. 

(11) Frustum of a parabola = 

0 , . , , , bast'"— top-'' 

■f 

(12) Surface of cylinder = Area of both ends + 
length X circumference. 

(13) Surface of cone = Area of base + circumference 
of base X J slant height. 

(14) Surface of sphere = Diameter* X 314159. 

(15) Surface of frustum = Sum of girth at both ends 
X I slant height + area of both ends. 

(16) Area of irregular figure = (Mean of extreme 
ordinates + sum of intermediate ordinates at 
equal distances apart) x fengtb of figure 

divided by (number of ordinates— 1). 

Mensuration Of Solids. 

(I) Solidity of cubes, parallelopipedons, and 

• prisms = Area of base x perpendicular height. 

j(2) Solidity of cylinder = Area of one end x length. 

(3) Solidity of sphere = Diameter'^ X ‘5236. 

(4) Solidity of segment of sphere =o236H 
(H^+3E^) where H=beigbt of segment, and^ 
E = radius of the base of the segment. 

(6) Solidity of cone or pyramid -Area of base X 1/3 
perpendicular height. 

(6) Solidity of frustum =1/3 H (A+a+ \/A + a), 
where A and a = areas of the ends and H= 
perpendicular height. • 

(7) Solidity of frustum of coDe = '26l8 H (DHd®4' 
D. d), where D and d=th 0 diameters of each 
end and H= perpendicular height. 

(8) Solidity of wedge = Area of base x I perpendicular 
height. 

(9) Solidity of frustum of wedge =|H (A +a) where 
A and a = area at each end, H= perpendicular 
height, 

(10) Capacity of casks of any form in imp. gallons = 
‘0G008147 L (39 M'+25 D'+26 M.D.) 

Where M “middle or bung diameter 
D “diameter at end and 
L “length of cask. 

(II) Solidity of timber logs=(i Middle girtW^x 
length. 

If the log is very irregular or tapers much divide it 
into several lengths and measure each separate- 
ly. 

Properties Of The Circle. 

Diameter ... x 3’ 14169 « oiroumferenoe. 

Diameter ... X '886226 « side of an equal square. 

Diameter X '7071 » side of an inscribed square. 

Diameter^ ... X ‘7864 - area of circle. 

Radius ... X 6*28318 « circumference, 

Circumference X *31831 » diameter . 

Circumference » 3*8449 V area of circle . 

Diameter =* 1 •1283 Varea of circle, 

Length of arc « number of degrees X *017458 radius* 


Specification Report For Scavengers’ Huts : 
Plates 7 and 8. 

In plates 7 and 8 is illustrated the Type Design 
No. 166 for Scavenger’s Huts issued with Proceed- 
ings of the Madras Sanitary Board No. 154- S, 
dated 2o'2-1915. The specification report which 
accompanied this design was as follows Foun- 
dations:— A depth of 1' 6" is provided io the 
estimate, the lower 6" being concrete of broken 
brick in lime mortar and the upper 1' 0" being of 
country brick in lime mortar. Basement : — Country 
brick in lime mortar 1 foot high. Walling All 
walls will be of brick in clay except 1 foot on top of 
walls and sides of doors and windows which will 
be of brick in lime mortar, the thickness of walls 
being as shown upon the drawings. Stone work 
Bases of verandah posts will be of cut stone or 
Cuddapah slabs. Wood work All wood work will 
be of well seasoned country wood. Doors and 
windows :-All doors and windows will be of country 
wood. Hoofing Hoofing over rooms and verandahs 
will be of Mangalore tiles over teak reepers, Floor- 
ing The floors of all rooms and verandahs will be 
filled in with earth well rammed and plastered 
with mud and cow dung. Finishing:— The interior 
and exterior of walls will be pointed with lime 
mortar rough and whitewashed. All wood work 
will be coated with tar two coats. All works will 
be done in accordance with the standard specifica- 
tion of the Public Works Department. Cost :— The 
cost of these huts varies from Ks. 670 to Es. 1,005 
according to locality. 

Detailed Estimate Of Quantities For Scaven- 
gers’ Huts : Plates 7 and 8. 
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Detail of work. 

Earth filling in basement and 
forming floor with a coat of 
mud and cow dung. 

Booms 

Verandahs 

Kitchen 

Total, s. it. 

Concrete broken brick in lime 
mortar. 

Main wall all round 

Cross wall 

Verandah retaining wall 

Gross and end walls oi verandah... 
Wall enclosing open yards 

EiXtra for one set oi pilasters 
Cross wall do 
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Two SOAVENOBB’S HUTS ; 

Excavation for foundations. 

Main wall, all round 

Gross wall 

Verandah retaining wall 

Gross and end walls of verandah. 
Walls enolosing open yard 

Extra for one set of pilasters 

Gross wall in do. 

Walls of kitchen 

Steps 

Total, 0. ft. ... 


Total 
quantity 
of each 
description 
of work. 
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Detail of work. 

i 

Country brick in mud 
(superstructure ) . 

Main walls, front and rear 

Cross and end walls 

Gables 

Verandah oross end walla inclu- 
ding gables 

Wall enclosing open yard 

Extra for one set of pilasters 

Oross wall 

Side wall of kitchen 

Eront wall of kitchen with gables 
Wall over cross wall 

Gable over rear wall 

Tot^l ... 

Total 
quantity 
of each 
description 
of work. 

158 

308 

Area 
or con- 
tents 

CM VI 


O 500 COVIO 5 tMC 7 JO)tM 

U 5 H CO H V F-< 

H 


Measurements in ft. 

•q^daa 

CO to 

oo 


rteJ 

OO 05 OC 0 C 0 C 0 CDC 0 

H 

CMCMHHHHHHO 


•q-tpesag 

CO o 


FtSF*?) HfM 

Hr-«C 350505 Vl 0505 Cft 

HHOOOOOOO 


’q?Sa0f3 

05 CO 

l>C 0 


HbS HWHCJ 

C 350 VICO V hOCDO 

O 00 «>C 0 C 0 (M 0000 C 0 
t- CM V 

. 


!M CM 


HHHCOHCMHCMCM 


i 

Detail of work. | 

1 

Walls of kitchen 

Steps 

Total, c. ft. ... 

Country brick in lime mortar 
(foundations and basement.') 
Main walls, allround 

Gross wall 

Verandah retaining wail 

Gross and end walls of verandahs. 
Wall enolosing open yard 

Extra for set of pilasters 

Cross wall 

Wall of kitchen 

Steps 

Total, c. ft. ... 
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Detail of work. 

Country hrich in lime mortar^ 
structure ) . 

One foot on top of walls around 
doors and windows 

Main walls, front and rear 

Gross and end walls 

Verandah cross and end walls ... 
Dnds of do. 

Wall enclosing open yard 

Pilasters 

Gross wall 

Side wall of kitchen 

Sides of doors 

Sides and sills of windows 

Sides of kitchen opening 

Total, o. ft. ... 

Total 
quantity 
of each 
description 
of work. 
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Detail of work. 

Deduct for — 

Doors in main walls 

Doors in yard walla 

Windows 

Kitchen openings 

Brick in limeznoctar, superstruc- 
ture, as detailed below. 
Arohwork, brick in lime mortar, 
as detailed below. 

Total deductions, o. ft. ... 

iNet total, c. ft. 
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Detail of work. 

Archworh, country hrich in lime ! 
mortar. 

Over doors 

Over windows 

Over kitchen opening 

Total, o. ft. ... 

Out stone or Ouddapah slabs. 
Under verandah pillars 

i Total No. ... 

Country wood wrought and put up. 

Main room rafters, long, 1’ 6" 
■ centres 

Do. small 
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Detail of work. 

Rooling with Mangalore tiles 
including teaJc reeyiers, etc,, 
complete. 

Over rooms and verandahs 

Over kitchen 

Total, B, ft. ... 

Pointing with lime mortar 
including white washing. 
Rooms, wall all round 

Gable walls 

Verandah walls 

Gross and end walls of verandah... 
Kitchen all round 

Partition over cross wall 

Total 
quantity 
of oaoh 
desoriptior 
of work. 
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Detail of work. 

1 

Country wood lodged doors with 
frames and fittings, etc., complete- 

Doors, large 

Do., small 

* Total, 3. ft. ... 

Country wood batten windows 
with iron bars including frames 
and fittings, complete. 

Windows 

Total, B> ft. ...1 
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quantity 
of eaoh 
description 
of work. 
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Detail of work. 

Sides of doors, small 

Sides and soffits of openings in 
kitchen 

Total, B. ft. ... 

Deduct for — 

Doors, large 

Do. small 

Windows 

Openings in kitchen 

Total deductions ... 

Net total E. fff- ... 

Total 
quantity 
of eaoh 
description 
of work. 
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or con- 
tents. 
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Gables 

Basement, front 

Do. ' rear ... 

Do. sides 

Exterior of verandah walls 

Ends of verandah walls 

Exterior of main walls 

Cross wall of yard, both sides ... 
Interior of do. ...: 

Exterior of do. 

Kitchen walls 

Gables of do. 

Sides and soffits of doors, large ... 
Sides, soffits and sills of windows 


ESTIMATING 
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Rates And Bata For Rates. 

Rates for works and materials are different at 
different places. To facilitate the preparation of 
estimates, a schedule of current rates of each kind 
of work commonly executed is maintained in P. W. 
■Bivisions, in Bistrict Boards and Municipalities. 
The rates noted in the schedules are to be gene- 
rally adopted in the preparation of ail estimates. 
If, for any reason, say, owing to the remoteness of 
work, labour has to be brought from a distance, 
these rates are found insufficient, then an increased 
rate can be allowed, provided that clear and speei- 
ffc reasons' are given for such an extra rate. On the 
other hand, if these rates are found too high, owing 
to the unusual facility of obtaining certain materials, 
a lower rate should be adopted with a note to that 
effect. The rates in the schedule are average rates. 
In all estimates, for easy reference item numbers 
should , also be quoted. Bata should invariably 
accompany all estimates. The data will comprise 
the schedule rate and the actual cost of conveying 
materials to the worksite. 

Cart Loads. 

Laterite, broken granite, or rough 
stone' ... 10 c. ft. 

Granite stone, or asphalt ... 7 o. ft. 

Broken laterite, sand, gravel, cement, 
or surkhi 12i cub. ft. 


Lime, coke, tar, pitch, or wood 
Bricks (81“ x X 2") arch bricks 
(9^'x4rxir) 

Terrace bricks (5" X 3" X 1") or thick 
fiat tiles (5|" X 3|" X J") 

-Thin fiat tiles (5|" x 5" x |") 

Pan tiles (8" X 5" X IG 
12" Flooring tiles or bricks (ll|" x 
lWx2") 

10" Do. (9rx9rxirj 

8" Do. (Trxvrxiri 

6" Do. (5i"x5Vxl¥) 

Any load 

^Gradients. 


20 cub. ft, 

400 No. 

1100 No. 
1500 No. 
1000 No. 


60 No, 
110 No, 
220 No, 
400 No, 
1000 lbs 


A gradient is the degree of slope or rate of incli- 
nation of any surface, as, for example, a road, 
railway, drain or sewer. When it is said that the 
gradient of a sewer is 1 in 100, this means that the 
sewer in 100 feet, measured horizontally, falls 1 
foot, measured perpendicularly. The rule for calcu- 
lating gradients is to divide the horizontal length 
by the difference of the heights at extremities 
above the datum line, and the quotient is the hori- 
zontal measurement to a rise or fall of one foot. 
For example, the level of invert of a sewer 785 feet 
long at commencement is 269‘20 and at end 261*35, 
thus giving aslope of 269'20--26r35 = 7'85 feet! 
The gradient is or 1 in 100, 



BUILDINGS ; KNOWLEDGE OE THE VAEIOU8 BUILDING MATERIALS, 
SUCH AS BRICK, STONE, LIME, SUEKHI, ASPHALT, PAINTS, ETC, 
THEIR QUALITY AND THE POSSIBLE INELUENCE OE ATMOS- 
PHERE ON THEM: THEIR SUITABILITY IN YARIOUS PARTS OE A 
BUILDING: TO DISTINGUISH BETWEEN GOOD AND BAD BRICK, 
TIMBER, LIMB, CEMENT, BTC., THE NECESSITY EOR EOUNDA- 


TIONS, THEIR PROPER DEPTH. 

Building Matenals. 

The strength and durability of structures depend 
on two things, first, the use of ’’good and suikble 
materials ; and, secondly the application of such 
materials in a judicious and efficient manner. There 
is ho doubt that the best sort of the several kinds 
of material can be selected by attentive observation 
and considerable experience. However, the follow* 
ing notes regarding the nature, production and uses 
of building materials will, it is hoped, be of some 
help to beginners and prevent them from falling 
into very serious errors in the choice of materials. 
The materials used may be classified as follows 

(I) Solid Materials Stone, Brick, Wood, Metals. 

(II) Cementing Materials Limes, Cements,, 
Mortars, Mastics and Glue. (Ill) Protecting 
Materials -Plasters and Paints. 

Stones. 

The chemical composition and physical pro- 
perties of the different stones are outside the scope 
of the present lecture. They will not therefore be 
discussed here. The stones used in building works 
are generally divided into three classes, each distin- 
guished by the earth which forms its principal con- 
stituent:— (1) the siliceous, (2) the argillaceous 
and (3) the calcareous, according as silica, clay, 
or carbonate of lime (calcium carbonate), forms the 
base or chief constituent. The principal varieties 
of the three classes of stones are as follow 

(1) Siliceous stones : Granite, Trap, and Sandstone 

(2) Argillaceous stones ; Slate and Laterite (3) Cal- 
careous stones : Limestone, Kankar and (jravel 

Granite. 

The varieties of stone, vw., syenite and gneiss 
are also called granite. Granite is the most durable ' 
building material Good granite is hard, compact 
and Eon-porous, is of a hard arid close texture and 
of un|ormdark grey colour and cannot be easily 
crushei.or broken. Decayed granite is mottled in 
appearance and colour and is easily broken and 
crushed, Sdoh stone should always be rejected, 


The gneiss, commonly called granite, which is 
dark in colour and generally used in import- 
ant works in the city of Madras is obtained 
from the quarries at Pallavaram. Prom the 
quarries at Sholingur, gneiss is procured and used 
in buildings in this city. Granite is found in 
several districts of this Presidency though not 
everywhere. The chief obstacle to the use of 
granite is its great cost for dressing the stone, 
Pine work is very expensive. It is therefore used 
only in important buildings and that only when it 
is obtainable in the immediate neighbourhood. It 
is however used in certain parts of ordinary build- 
ings, m., (1) posts for verandahs, market sheds, 
(2) bed plates for distributing pressure, (8) flags for 
flooring and (4) slabs for covering drains, manholes, 
and valve pits etc. Granite, in its rough state is 
used in the foundations of buildings, in revetment 
for protection of tank bunds, for making concrete, 
and mile and furlong posts. 

Trap, 

Trap is a variety of siliceous stones. The best 
quality of trap is hard, of a bright colour breaking 
with a clean fracture and ringing when struck 
with a hammer, and is well suited for paving and 
metalling roads. Many stations in the G. I P. 
Bailway as well as several ancient and modern 
buildings in and^, around Bombay are constructed of 
this stone. 

Sandstone. 

Sandstone is the third principal variety of 
siliceous stones. All the stones belonging to this 
class— of which there is a great variety— are emi- 
nently suitable for building purposes, either as cut 
stone or rubble, The colours of sandstone are very 
various, white, yellow, grey, greenish grey, light 
brown, dark blue, and even black. In this Presi- 
dency it is found in South Arcot, Nellore.Ouddappah 
and Kurnool The Y. M. 0. A.^ilSing and the 
Victoria Technical Institute of this city are built 
of sandstone from Tada near Hellore, 
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Slate. 

Slafe 18 a wieliy of argiHaceoiafl or olavey 
stones an(^ varies iniicb in oolnur. the common 
varieties being (iark bine, blnisb black, nnrple grev 
and green. A good slate should not absorb water 
to any perceptible extent, and should g've ont a 
sharp metallic ring when struck with the knuckles. 
In this Presidency the slabs from Cuddapah rank 
first as regards durability, impermeabilitv and 
cheapness as material for paving. The slabs at 
Eurnool are used for walls and flagging. 

Laterite. 

Laterite is a var'ety of argillaceona stones and is 
employed as a bm'lding stone in Malabar, Trichino- 
poly. Tanjore and South Aroot. It is very easy to 
work hut care is required in selection of stone, as 
the inferior sorts decay rapidly when exnosed 
to weather. Laterite being benefited by long 
exposure, should never be used when fr^'shly 
quarried, especially from any depth. It should not 
he nsed when subject to any great pressure. 
Nodular laterite is used in this city as a road metal. 

Limestones. 

The durability of the stone depends much upon 
its texture. The best weathering limestones are 
dense, uniform, and homogeneous in structure and 
composition, whh fine, even small grains, and of a 
crystalline texture. They are for the most part 
uniform in tint and easily wrought. The varieties 
of limestone in use are fl) Marble, (21 Compact 
Limestone, (3) Granular Limestone and (4) Magne- 
sium Limestone or Dolomite, Marble is translu- 
cent and capable of a fine polish. Some marbles 
retain their polish when nnder cover, but lose 
it when exnosed to weather. Some marbles 
are very handsome. Marble is one of the most 
durable of stones. Its scarcity and value prevent 
its being nsed except for columns, pilasters, etc., 
in ornamental buildings. The less handsome 
varieties are, however, used for ordinary building 
in the neighbourhood of the quarries. Marble 
can generally be quarried in large blocks. India’ 
possesses some fine specimens of large buildings . 
constructed wholly of marble, such as the Mootee ' 
Musjid and Taj Mahal at Agra. Compact lime- 
stones are very useful as building stones where 
their dull colour and the difficulty of working them 
are not objections. They are used for paving set 
and road metal under a light traflSc. The most 
frequent colours of compact limestones are white, 
greyish blue and whitish brown. Limestone is 
used for building purposes at Cuddappah, Kurnool 
and Gnntur. Granular limestones are always 
more hr less porous and the less porous, the more 
durable, They are found of various colours, 


especially white, light vellow, light brown, or cream 
colour. Their durability varies extremely. Some 
durable varieties are used in buildings on account 
of their pleasing colour and texture. Portland 
Stone and Bath stone are exaranles of durable 
granular limestones. Magnesium Limestone or 
Dolomite is found in various conditions from the 
compact to the granular. Its durability to a 
considerable extent depends on its texture. When 
that is compact, it is nearly as lasting as marble 
which it resembles in appearance ; when porous, 
it is very perishable. 

Kankar And Grayel. 

o 

Kankar and gravel are other varieties of calcare- 
ous stones. The principal value of kankar is as a 
source of Htne. Kankar nodules are generally 3 or 
4 inches in diameter. Kankar is sometimes found 
in large masses in the beds of streams. Gravel 
pebbles are found in alluvial tracts of country and 
in the beds of rivers. The pebbles vary in size 
from 3 or 4 inches in diameter to minute grains. 
Large water-worn pebbles are called shingles. 
Gravel is used for wearing coats of roads and also 
fdr'^making concrete. 

Specifying Stone. 

All stone should he sound, free from decay, flaws, 
cracks, veins or cavities, and, so far as possible of 
uniform colour and texture. Blocks required for 
dimensioned stuff mu'Jtbe quarried true and square, 
and as near the dimensions given as possible, 
Rubble stones should be as square and evenly 
bedded as possible, and in as large pieces as 
the quarry will permit consistently with facility 
of being handled. No irregularly shaped or 
unevenlv-bedded pieces should be permitted and no 
stone should contain less than J of a cubioiooi- 
In quarrying stone for building purposes there 
should he as little blasting as possible as it shakes?, 
the stone besides causing considerable waste. Caret 
should be taken to cut the blocks so that they can 
be placed in the work for which they are intended 
with their natural beds at right angles to the 
pressure that will come upon them. 

Strength Of Stones. 

Our knowledge of the strength of stones is very 
limited, although they are the most generally use- 
ful of building materials. Generally speaking, 
amongst stones of the same kind, that which has 
the greatest weight is almost invariably the 
strongest. Stones in ordinary building or engi- 
neering works are generally under compression, 
occasionally subject to cross strain, but never to 
dij^qtlensijQP. The compression that comes upon 
a stone in an ordinary building is never sufficient 
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to cause aov rianger of ernshiog, as will be seea 
from the following table of ultimate strength to 
resist crushiug taken from Oaptaiu Marryat’s 
Specification. 


Ultimate Strength Of Diferent Stones To 
Resist Crnsbing. 


Lbs, 


Basalt, f Dark blue 
Borabav 1 Light blue 
Do. Knrla, yellow 
Ahemnnggur 
For bandar 
Dbrangadhra 
Granite 

Limestone fmarble) 
Sandstone, strong 


per sq. inch, 
10 200 

4.500 
9 840 
5.000 
2,120 
5.611 

26.000 to 36,000 

5.500 

5.500 


Rubble masonry, about four-tenths of cut-stone. 

Jt is generally laid down that the compression to 
which a stone may he subjected in a structure 
should not exceed 1/10 of the crushing weight. 
It is possible in some forms of arches, in retaining 
walla, and in other structures that a considerable 
pressure may be concentrated upon certain points 
which are liable to be crushed. 


Durability Of Stones. 

The power of resisting atmospheric and other 
I external agencies is the first essential in stones for 
1 almost any purpose. The durability of a stone 
depends upon its chemical composition, mechanical 
structure, and its place in a building. The chemi- 
cal composition of the stone should be such that it 
will resist the action of the atmosphere and of the 
deleterious substances which, especially in large 
I cities, the atmosphere contains. These destroying 
’substances are taken by the moisture in the air, 
or by the rain, and thus conveyed into the pores of 
the stone. The sulphur acids, hydrochloric acid, 
and traces of nitric acid in the air of towns, and 
carbonic acid which exists in the pure atmosphere 
of the country, ultimately decompose anv stone of 
^ which either carbonate of lime or carbonate of 
j magnesia forms a considerable part. A stone which 
^ will weather well in the pure air of the country 
may be rapidly destroyed in the smoky atmosphere 
of large towns. The influence of rain, wind, and 
frost have also to be considered. Stones are less ' 
attacked in dry weather than during rain ; the 
destructive acids cannot penetrate so deeply, and 
the frost has no influence when the stone is dry. 
The number of days on which there is rain in 
any district has therefore a great influence on the 
durability of stone used in that district. A gentle 
breeze dries out the moisture, and thus favours the 
lasting qualities of stone ; whereas, high winds on 
the other hand, force the rain into pores of the stone, 
and ihus cause a considerable depth to he subjeotpd 


to the effect of acids and frost. The mechanical 
structure of a stone is of the greatest importance, 
for unon it depends greatly its power of resisting 
the acHon of the atmosphere. Stones which are 
crystalline in texture weather better than those 
that are non -crystalline. Chalk and marble, for 
example, or of the same chemical composition — 
both nearly pare carbonate of lime, vet the latter, 
especially when polished, will resist an ordinary 
atmosphere for a long time, while the former is 
rapidly disintegrated and destroyed. If the chemi- 
cal composition and remaining qualities of two 
stones are the same, then the stone which has 
closer and finer grain of the two is likely to be 
more durable than’the other. If the grains be easily 
decomposed and the cementing material lasting the 
.stone will become porous and liable to destruction 
by frost. If the cementing material is destroyed 
the grains will fall to nieces. S^one should contain 
no soft patches or inequalities ; unequal weathering 
leaves proiections which catch the rain and hasten 
decay. The position of a stone in a building may 
very much influence its durability. A stone in that 
side of a building, which faces the prevailing rams, 
is of course, more liable to decay than it would be 
on the other side. In the same way any faces of 
stone that are sheltered altogether from the snn and 
breeze so that the moisture does not quickly dry 
out are liable to decay. This may be noticed espe- 
cially in buildings constructed of an inferior stone 
and situated in a bad atmosphere. 

Testing The Durability Of Stones. 

The durability of stone is best ascertained by 
examining samples in buildings which have stood 
for a long period. If the stone has good weather- 
ing qualities, the faces of the blocks, even if very 
old, will exhibit no sign of decay, but on the con- 
trary, the tool marks will be distinctly visible. 
When this cannot be done, the stone should be 
subjected to direct experiment. Speaking general- 
ly. is uniform and 

grains fine and the speeiflo"' gravity great, the stoag 
wear"wi!IT~aDl when comparing stones 
oUEe same class, the less porous, most dense, and 
strongest will generally be the most durable. 


Preservation Of Stones. 

Ths decay of all natural building stone is the 
combined effect of various causes. The various 
contrivances which have been tried or proposed 
for the preservation of naturally porous stone, all 
consist in filling the pores of the stone at or near 
the exposed surface with soma substance which 
will exclude air and moisture. s may be d 
i6j)otes of the stone ^wit! 


connaining dissolved org anic matter, These pre- 
■ sar\^ feelionoToi^^ selves 
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gubjecfefco decay, and, therefore, can give only a 
temnorary protection. Or solutions of inorganic 
substances may be used which act either upon the 
constituents of the stone to which they are ap- 
plied, or upon one another (when more than one 
is applied) so as to form insoluble compounds 
which fill the pores and harden the structure of 
the stone, at the same time, making it denser, 
more impervious, and better able to resist the acids 
and other injarious vapours that water iri being 
absorbed would carry along with it. Drying ojl i 
such as boiled linseed oil, has been used as a 
coating. I t fills the pores~ahd keens out theW 
f or ^tim e, hnt it di soolours tbestone to whic h 
ifis appIM: — ftrtfTooreover gradually destroyed 
Fy the oxygen of the air, so that it requires to be 
renewed from time to time. Paint : One of the 
most common methods of preserving the i jirface 

ofstone Is imt tills theT^ of the 

stone, but as in the ease of drying oil, it destroys 
the crystalline appearance which constitutes the 
beauty of most stones and is itself destroyed by 
atmospheric influence. Bituminous matter, such 
as Goal-tar^ is vary effective but unsightly from its 
colour. Paraffin is more lasting than oil, but is 
open to tEFsarae’ objection as regards discoloration 
of the stone. Paraffin dissolved in coal-tar naptha 
and applied warm is very effective. Soluble silica 
is the name given to a large class of preparations, 
which have been tried, especially of late, and which 
give promise of much better results than are likely 
to follow the use of organic ‘ substances. Befom 
pplyingany of the abo ve preparations, ih e surface 
of the stoned lorou ghly clean a nd 


perfectly aryr 


Artificial Stone. 


The difficulty which exists in many places of 
obtaining durable stone at a moderate cost, and the 
desire to possess a material, which, while possess- 
ing all the qualities of natural stone, could, at the 
same time, be moulded like clay into any required 
form, have given rise, within the past few years, to 
a large number of processes, more or less practical, 
for the manufacture of artificial stone. Some pro- 
cesses have been successful in producing artificial 
stones, which compare favourably in all their pro- 
perties with good natural stone. The expense, how- 
ever, of artificial stone will, it is to be feared, be 
always a hindrance to its extensive use for ordinary 
blocks, but the facility with which it can be mould- 
ed to intricate forms, makes it very economical 
when it is required to take the place of carvings or 
other ornament in natural stone. 

^Bricks. , v 

Bricks are made of tempered clay formed in a 
mould to the requisite sixe and shape, and dried in 


the sun. In this condition they may be used for 
building, and are called sun dried, or in Hindustani 
Cuteha bricks. For most permanent works, how- 
ever, the bricks, are hardened by strong heat in a ' 
kiln, and when thus prepared are called Pucka. But 
on account of imperfections in the application and 
distribution of the heat in a kiln, it never happens 
that all the bricks put in are thoroughly fired to the 
required extent and no further. Some which have 
not received sufficient heat are only partially 
hardened, such are known as Grizzle or Place bricks; 
and from their generally yellowish tinge, have, in 
this country, received the name of Pila. Some, on 
the other hand, may have received too much heat, 
and, when this happens, they are found more or less 
vitrified, dark coloured, hard, and brittle. Such are 
also frequently distorted, and when this over-burning 
has proceeded to greater extent, they are found par- 
tially fused and run together into masses, not 
unfrequently of large size. These irregular lum*ps 
of over-burnt bricks are called Burrs or Jhama. 

Characteristics Of Good Bricks. 

In order to ensure good brickwork, the bricks 
must be regular in shape and uniform in size ; with 
plane parallel surfaces and sharp right-angled edges. 
The amount of water absorbed by bricks is to a cer- ! 
tain extent an indication of their quality and their I 
strength. Very highly vitrified bricks should not \ 
absorb more than 1/15 of their weight of water ; but i 
the average brick used in building is often found to j'' 
absorb as much as 1/12 to 1/6. A perfe ejUmruii ‘ 
brick wll remain j inx_ leDgth of time under wate r 
inldmedr anFlms quality is S Qj&as ential to bvdrau- 
Iicwrks thaPthe absorbing power of bricks em- 
pIoyecTihould be carefully tested before using them. 
An insufficiently burnt brick on the other hand, is 
incapable of withstanding continued exposure to the 
action of water; it softens and is liable to be crush- 
ed. In ordinary walling, it absorbs a large propor- 
tion of damp7 and is very liable to be affected by 
the action of saltpetre or other salts (always present 
in the soil of most Indian towns), which, on 
crystallising, causes the bricks to crumble away. 

' A good brick is generally of a clear and uniform 
colour, depending on the nature of the clay of which 
it is made, and partly also on the kind of fuel with 
which it has been burnt. Bricks of a deep red colour 
are generally good. They should be hard, and burnt 
so thoroughly that there is incipient vitrification all 
^through each brick. This may be seen on examin- 
ing a fractured surface. A test of hardness is that 
the finger nail should not be able to make any 
impression on the surface. A well- burnt brick 
should give out a clear ringing sound when struck. 

A dull sound indicates a soft or shaky brick. 
Strength : In practice, bricks are subject 16 
compression and sometimes to transverse stress, 
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bub seldom ornever to tension. The compressive 7. Native bricks ... 9"x4"xif"- 


stress brought upon evenly-bedded bricks is gene- 
rally less than they are able to bear. In some cases, 
however, as in arches and retaining walls, the 
stresses may be concentrated upon a small portion 
of the brick, or the same effect may be produced 
by the bed of the brick in wall being uneven. The 
strength of bricks, which varies very much, depends 
chiefly upon the nature of the clay of which they 
are made, and the extent to which the burning has 
been carried. Eankine, however, states that good 
bricks require at least 1,100 lbs. on the square inch 
to crush them, and that they will sometimes bear 
considerably more. A small jillar of brickwork 
made of bricks of good quality laid in cement 
should require from 800 to 1,000 lbs. on the square 
inch to crush it. Bricks in general begin to show 
signs of giving way by splintering and cracking 
' under about one-half or two-thirds of their crushing 
load. The weaker qualities of bricks may be 
estimated as having from one-half to two-thirds of 
the strength stated above. 

Specifying Bricks. 

* The brick should be whole, well burnt, free from 
crToks, flaws, stones or lumps of any kind ; should 
be sound and hard to resist compressiori'; and should-' 
be of regular size and shape to ensure uniformity in 
the thickness of the courses of brick-work, A 
brick thoroughly burnt and sound will give out a 
clear ringing sound when struck, and should be of 
a uniform (generally deep, red or copper) colour. 
All bricks which absorb more water than one-fifth 
of their own weight when dry should be rejected. 

Yarieties Of Bricks And Their Sizes. 

Bricks are made of different sizes according to the 
custom of the country, their use and the mode of 
manufacture. Eor proper bonding, the length of a 
brick should equal twice its width plus a mortar 
joint (which is usually i inch). The thickness of a 
brick varies from 1 inch to 3 inches and usually 
taken as J of length minus one mortar joint. 
Madras Government bricks are 9f" X H" X 3". The 
less the dimensions of a brick the greater the quan- 
tity of mortar consumed in masonry and therefore 
also the cost. The greater the dimensions of a 
brick the more difficult and expensive it is to burn 
it as well as to handle it. The following are the 
usual sizes of bricks available 

1. Government bricks ... 9FX4f"X3" 

2. Stock bricks or Table moulded 

bricks" Sfx 4^x21" 

3. Ground moulded bricks ... 9" x 4i'' x T 

4. Ground moulded bricks ... 8i"X4|"Xli" 

j5. Machine made bricks ... 9"x4i"X2F 

6. Platform moulded Jbricks ... 9"X4i"X2i" 


or 7"x3rxir 
or 9"X4"X2" 

A brick weighing about 9 lbs. and measuring 9f" 

X 4f" X 3" may be taken for an economic size. 
Bricks may be classified according to their use as 
wall, well, arch, terrace, cornice, drain bricks etc. 
The wall bricks are the ordinary rectangular bricks 
described above. The well bricks are broader at 
one end than at the other. The arch bricks are 
thinner at one end than at the other. The cornice 
bricks are specially moulded where oornioa cannot 
be made entirely of projections of ordinary brick 
and piaster. Drain bricks are made of special size 
and shape and includes both the cunettes as well 
as the bull’s noses. There are a host of different 
Yarieties specially moulded and burnt for different 
purposes. In making moulds for manufacture of 
bricks for any purpose due allowance should be made 
for the necessary shrinkage during manufacture. 
Eire bricks are made from refractory clays, that 
is, clays which are capable of bearing a high tem- 
perature without becoming soft, being almost pure 
hydrated silicate of alumina. Coloured bricks 
are made either by mixing certain colouring matters 
with the clay before burning or by soaking the 
burnt brick in a colouring solution. If the coionra 
are mixed with the clay before burning, the change 
of colour due to temperatures should be allowed tor, 
e.g.t the presence of iron oxides in clay gives a red 
colour at low tomperaturea of burning, a blue and 
black at higher temperatures. Salt glazed brick 
has a glazed surface produced by salt thrown into 
the furnace during burning. It is largely used for 
lower part of walla where a non-absorbent brick is 
wanted or even for facing walls. Enamelled or 
glazed bricks are treated with a fine coating of 
white or coloured enamel, used for areas where 
reflected light is wanted, for butcher shops, dairies, 
urinals, certain walls in hospitals, etc. 

Ordinary Flooring Tiles. 

Ordinary flooring tiles are similar to bricks and 
are usually available in two sizes, wz., 12"xi2" 
x2"and b"x6"xlj/' The surfaces of these tiles 
are not even and one tile is rubbed over the other 
to present an even surface. 

Superior Flooring Tiles. 

A pattern of a superior flooring tile is made at 
the Madras Government Brick Fields. They are 
moulded in presses of finely grounded clay and have 
an oiled surface. They wear longer and cost more, 
than ordinary flooring tiles. Messrs. Burn and Oo., 
Calcutta, Henke’s Tile Works, Feroke, Basel Mission 
Tile Works, Mangalore, manufacture common 
briokst specially glazed and unglazed bricks, fire, 
bricks, clay flooring tiles, terracotta floorings, glazed 
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flooring tiles. The catalogues of the firms give all 
particulars regarding sizes, patterns and cost of their 
manufacture. However, as some of their flooring 
tiles are often adopted in sanitary works, a short 
description of such tiles will be given here. Common 
clay flooring tiles are in great demand as a cheap 
flooring material for dwelling houses.^ These tiles 
are superior to ordinary country flooring tiles and 
cost slightly more than the latter. They are usually 
supplied in 3 sizes 9^' X i\“ xf", 9'' x 9* x|", 
and 6" x 6" x I" by the Mission Tile Works and 
in two sizes 9" X 9'' x and 6" x 6"' x f" 
by Henke’s Tile Works. Basel Mission Tile works 
supply ornamental flooring hard-pressed tiles 
6" x 6" X I" which are durable and present a beauti- 
ful appearance. The cost of these tiles, delivered at 
Mangalore, varies from Es. 30 to Es. 45 per 
thousand. They also supply a superior pattern of 
tiles called ‘Victoria cement flooring tiles.* They 
afford a superior flooring in a rich choice of colours. 
The size of the tile is 8" x 8" x f", Henke’s Tile 
Works also supply terracotta flooring tiles and 
borders in various patterns, plain and impressed, 
which are largely used as a durable flooring for 
houses, offices, etc. The usual size of tiles is 
9" X 9" X f " and border tiles are of size 6" x 6" x 
f" and 6" X 3" x f". Ornamental encaustic floor- 
ing tiles, polished marble terra zo tiles, red Marseilles 
flooring tiles are also supplied by Henke’s Tile 
Works. Messrs. T E. Boots Ltd., the Patent Tile 
Works, Bruslem, England, manufacture encaustic 
and glazed tiles of various sizes and shapes. Messrs. 
B. J. Keymer & Go., Calcutta are their Indian 
agents. Eor hospitals, urinals, latrines, lavatories, 
and in all situations where a damp-proof, and 
impervious lining is required white glazed tiles or 
Newellite glass tiles are used. The latter class of 
tiles is discussed in a subsequent lecture. The 
number of flooring tiles required per square is 
shown below:— 

Size of tile. Number required 

per square. 

9" X9" X f ... 180 

9" x4i" xf ... 360 

6"x6"xf ... 400 

8'‘ x8" xf" ... 223 

Roofing Tiles. 

There are various descriptions mz.^ the ordinary 
pot tile, the pan tile, the flat tile, Mangalore tile 
and the School of Arts tile. The ordinary pot tile 
otherwise known as locking tile is used as roof 
covering with or without flat tiles. The pan tile 
is similar to the pot tile but differs from it in being 
shorter, heavier and less curved. The ordinary 
fla| |iles are usually 6"x6"x4". Tiles of size 
5"':^ f' X i" are also sometimes made. 


Mangalore Tiles. 

In the market a number of varieties of Manga- 
lore biles is now offered. The Mangalore tiles of 
Basel Mission Tile Works and Henke’s Tile Works 
are in general demand. 

Basel Mission Roofing Tile; Model No. 1. 

This tile is the latest production of Basel Mission 
Tile Works and each tile covers an area of 13i"x 
8|"and therefore only 125 tiles arerequired to cover 
one square. Reapers or battens for these tiles 
should be fixed 13F apart measured from upper 
edge to upper edge. 1000 tiles weigh about 2^ tons ; 
250 tiles eonstifcutjg a‘ cart load ; 4800 to 5000 tiles 
a truck load of 12 tons or 327 maunds ; 2400 tiles 
a truck load of 6 tons or 160 maunds. The cost 
per 1000 full tiles, first class, is about Es. 40 and 2nd 
class Es. 35 and 1st class half tiles Es. 20, deliver- 
ed at Mangalore. The statement of the Eirm,as 
regards the advantages of this tile is as follows 
“ (1) This newest style covers a considerably large 
area than its predecessors, thus 325 tiles are 
sufficient to cover 100 square feet which required 
145 of our pattern No. 3. In this manner a saving 
of 15% is effecced. (2) As the spacing of battens 
(or reepers) is wider with these tiles than with 
previous models, a saving of 10% of battens results. 
(3) These tiles can be laid straight or breaking 
joint, as desired. In the latter case, however, half 
tiles are required at the ends, (4) Eor countries 
subject to heavy storms, provision is made for wiring 
the tiles to the battens to secure them against any 
heavy gale or storm. (5) Instead of lugs to keep 
the tiles in position on the reepers, the new tile is 
provided with a rib running across the full breadth 
of the tile, thus giving it a firmer hold,- (6) The 
grooves at the top and sides have been very 
carefully designed, so .that they may fit well and 
easily one into the other. They are both dust and 
rain proof. (7) All unnecessary complications in 
the shape of grooves and other corresponding parts 
of the tiles have been avoided, to facilitate fixing 
and to secure at all times perfect fitting ” 

Basel Mission Roofing Tile : Model No. 2, 

The size and weight of this tile, and spacing of 
reepers for this tile are the same as for Model No. 3 
described below. This tile is not kept in stock but 
is manufactured for special orders. The cost of 
1000 tiles delivered at Mangalore is Es. 36 for 1st 
class tiles and Es. 30 for 2nd class tiles. 

Basel Mission Roofing Tile : Model No. 3. . 

Each tile covers an area of 12i" x8i" and there- 
fore 145 tiles are required to cover one square. 
Beepers or battens for these tiles should be fised 
12i" apart measured from upper edge to upper 
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edge, The weight and number of cart and truck 
loads are the same as for tiles, Model No. 1. Tbe 
cost of these tiles per 1000 delivered at Mangalore 
is Ks. 36, 1st class and Es. 30, Qnd class and half 
tiles, Rs. IB. The statement of the Firm regarding 
this tile is as follows: “This tile, which was 
the one originally patented by us, has the following 
advantages : The double channel renders the 
surface flow more rapid, while the ridge down the 
centre adds greatly to its strength and durability. 
Jt will be observed that the tiles break joint, i.e., 
the left channel of the upper tile lies to the right of 
that below, thus efl'ectually preventing the smallest 
leakage and rendering roofing with these tiles as 
perfect as roofing can posflbly be, certainly 
surpassing anything in tile-manufacture yet accom- 
plished. Alternate courses of tiles at gable ends are 
furnished with half tiles. These are made right or 
left handed. They are exactly similar to full tiles 
except in width, and are sold at half the price of full 
tiles. To avoid mistakes, customers are kindly 
requested, when ordering, to state the number of 
half tiles required, which will be supplied in equal 
parts of right and left halves ; thus on ordering lOO 
half tiles, 50 of each will be sent.” 

Basel Mission Patent Bidge Tiles. 

Each tile is 16 inches long and covers two fiat 
tiles on each side of ridge and weighs about 7i lbs. 
The tile is sufficiently wide to ensure security from 
drift-rain and reqiuires no setting in mortar. The 
cost of 1000 ridge tiles delivered at Mangalore is 
Rs. 100, Ist class, and Rs, 90. Qnd class. Orna- 
mental ridge tiles of different patterns, sky lights, 
ventilating tiles, ridge or hip terminals and finials 
are also manufactured by this Firm. 

Nowroji’s Ceiling Tiles. 

This ceiling tile covers the same area as roof- 
ing tile, Model No. 3 and therefore 145 tiles are 
required to cover one square. 1000 tiles w^-igh about 
li tons and cost Es. 40 delivered at Mangalore. 
These tiles are manufactured by the Basel Mission 
Tile Works as ‘ Patent Ceiling Tile No. 4’ and are 
largely used by the Madras P.W.D. and in hos- 
pital buildings. These ceiling tiles are also made 
to match roofing tile Model No. 1, at an extra 
cost of Es. 5 per 1,000. This is a cheap and efficient 
ceiling tile and the laying of the tiles is simple 
and requires no alteration in roof wood-work 
arrangement. Mr. H. Nowroji, Acting Sanitary 
Engineer to the Government of Madras, designed 
this tile and with his permission, the Firm has 
obtained a patent for this tile. The statemept of 
the Firm as regards this tile is as follows : 
“ 1, Our ceiling tiles are a good protection against 
‘ llip, heat .of tilqij, roofs. 2. Ceilings with these tiles 
mitch cheaper than wood ceilings. 3, The 


durability of such a ceiling is unlimited, whereas 
board ceilings are apt to be destroyed by white 
ants, and mat ceilings very soon require renewal. 
4. The narrow and non-continuous spaces between 
ceiling and roofing tiles hinder rats, squirrels, etc., 
from entering the roof ; and the cleanliness of this 
ceiling material prevents vermin from harbouring 
in it. 5. With these tiles, the ceilings of rooms 
and halls may be given a highly ornamental appear- 
ance, which can be enhanced by wood oiling the 
rafters and slightly painting the decorative design 
impressed on the tiles.” 

Henke’S Manufactures. 

Model 190S Roofing tiles; 132 tiles weighing 
about 610 pounds are required to cover 100 square 
feet. Beepers or battens should be fixed 13i inches 
apart, measured from upper edge to upper edge. The 
statement of Henke’s Tile Works as regards the 
advantages of this tile is as follows : “ This pattern 
is the outcome of years of experience, and every 
detail of the work has been carefully thought 
out. It is superior to the ordinary ‘ Mangalore’ 
pattern tile by reason of several very valuable 
improvements: (1) It is water-tight and dust-proof 
on account of the close fitting, deeply cut side 
groove with rebate to fit the edge of the overlap- 
ping tile, thus preventing drip and fall of dust; and 
the side groove is at the same time wide enough 
to give more play and ease in fitting. (2) It is less 
absorbent not only because of its excellent material 
and the special firing it receives in tbe Feroke kilns, 
but also on account of the complete drainage of 
every part of the tile, so that water cannot remain 
and soak into any portion of its surface. (3) It 
lies evenly and firmly on the roof owing to the 
depth of the socket which receives the curved end 
of the overlapping tile. (4) It is more securely hung 
on the reeper by the flatsided hook of clay, and it 
can also be fastened on high and exposed roofs by 
passing a wire through the small pierced ridge placed 
across the middle of the under-surface. (5) The 
double bevel on either side of the high ridge down 
the centre of the tile adds greatly to its appearance. 
(6) It is lighter than any other tile in the market 
and tbe gain in area is also considerable owing 
to the overlap being made much less without inter- 
fering with the efficiency of the roof. (7) As the 
tile covers a larger area than the Mangalore pattern 
etc., a saving of about 12 p. c. is effected ; and as 
the reeper is placed wider apart than with the 
Mangalore pattern, a saving of about 10 p. c. in 
reepers also is effected. Alternate rows of tiles at 
gable ends are finished with half tiles, which are 
sold at half the price of full tiles. Henke’s Model 
3908 Ceiling Tiles, Glass Tiles. Sky-lights and 
Ventilatprs are supplied to fit Henke’s Model 1908 
fins .Tiles. 
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Henke’s Mangalore Boofing Tiles. 

145 tiles weighing 725 lbs. are required to cover 
100 square feet. Beepers or battens should be fixed 
12F apart measured from upper edge to upper edge. 

Henke’s Ceiling Tiles. 

“Model 1908” and “Model 1902” are two 
patented ceiling tiles of the Firm. 132 tiles weighing 
about 462 lbs. of the former and 146 tiles weighing 
about 500 lbs. of the latter are required to cover 
100 square feet of each pattern. The statement of 
the Firm regarding these ceiling tiles is as follows : — 
“ As ceiling-boards are liable to be attached and 
destroyed by white ants, mat ceilings very soon 
require renewal, and the use of flat tiles on which 
the roofing tiles are laid in chunam increases the 
cost by wood-work specially required for them, the 
need has long been felt for an under-tile which can 
be attached to the same reeper as the roofing tile 
giving sufficient air space. After many experiments 
we adopted the shape known as Henke’s Patent 
Ceiling Tile and received a Patent for originality of 
design. Henke’s Patent Ceiling Tiles are largely 
used everywhere and have come to be recognized as 
a simple, cheap, ornamental and effective form of 
double roof with continuous air space of about 2" 
between tbe tiles allowing the air to freely circulate 
and thus protect against tbe beat of the upper tile. 
The ceiling tiles are effectually secured against risk 
of slip. Extra rafters are not required, and owing 
to the absence of board ceilings risk of fire is greatly 
lessened, A large saving is also effected by the use 
of the tiles in the place of wood-work. With 
Henke’s Patent Ceiling Tiles the reapers are counter- 
sunk, so that the under-surface is perfectly fiat 
without the unsightly ridges and broken appearance 
presented by tbe tiles which are only resting on the 
top reeper. They are manufactured in two beauti- 
ful embossed designs and other patterns will be 
added. In the bright terracotta colour, for which 
our tiles are so celebrated, the effect is excellent. 
The tiles can also be painted as desired.” 

. ^ Timber. 

Timber is thp term given to wood of a size 
sufficient to be adopted to building and engineering 
purposes and is applied to do trees which measure 
less than 24 inches in girth. When the wood forms 
part of the living tree, it is called staaffmg-^iioJjer, 
when felled it is called rou.&h4i»b€r, after the log 
has been sawn into variofcTorms it is called con- 
vert§dJuaaber,; and tbe pieces are known ariiffe 
tSoDer, bffiThick stuff, whole timber, half timber, 
quartering, plank, or board, laths, according to their 
shape and dimensions, Pieces when sawn all round 
are called s oaptling s, when sawn to equal dimensions 
each way tfieyiSe called fliesquared, 


Defects In Timber. 

It may be interesting to mention here some of the 
defects common to all trees, whether caused by the 
nature of the soil upon which the tree was grown 
or by the vicissitudes to which it has been subjected 
while growing. Heart-shakes are splits or clefts 
occurring in tbe centre of the tree. They are com- 
mon to nearly all trees, and neither age, soil, nor 
situation appears to have anything to do with their 
origin. Tbe splits are in some cases hardly visible ; 
in others they extend almost across the tree, 
dividing it into segments. When there is one cleft 
across tbe tree it does not occasion much waste, as 
it divides tbe ?qu?sred trunk into two substantial 
balks. Two clefts crossing one another at right 
angles make it impossible to obtain scantlings larger 
than one-fourth tbe area of the tree. Tbe worst 
form of beart-shake, however, is one in which tbe 
splits twist in the length of tbe tree, thus making 
it impossible to convert the tree into small scantl- 
ings or planks. Star-shakes are those in which 
several splits radiate from tbe centre of the timber. 
This defect is found in many varieties of timber, 
and occurs in all ages and conditions of growth. 
Cup-sbakes are curved splits separating tbe whole 
or part of one annual ring from another. They are 
most frequently met witb near tbe root. When 
they occupy only a small portion of a ring they do 
no great harm. This deficiency of tbe cohesive 
matter between the woody layers is supposed to 
result from sudden changes in temperature, from 
the roots passing through some peculiar vein of 
soil, and even from frosts ; violent and sudden gusts 
of wind and storms may also help to produce it. 
Elpffigalls are peculiar curved swellings, caused 
generally by tbe growth of layers over the wound 
remaining after a branch has been imperfectly lop- 
ped off, or where the sapwood has been injured. 
Foxiness is a yellow or red tinge caused by incipi- 
ent decay. 

Characteristics Of Good Timber. 

Good timber should of course be free from the 
defects mentioned above. In the same species of 
timber, that specimen will in general be the strong- 
est and most durable which has grown tbe slow- 
est, as shewn by the narrowness of the annual rings. 
^ jr bese_n ngs should be regular in form, sudden swells 
Are'oaus^y rind-galls, if the v^d has colour, 
xd arknesa of colour is in gener al a sign of strengt h 
Xh njrBurability. T he coloUT~llouI3n^^ a 
j t hroughou t; when it is blotchy, or varies much in 
colour from tbe heart outwards, or becomes pale 
suddenly towards the limit of the sapwood, it is 
probably diseased. T fee fresh cut surface of the 
/p ood should be firm ai^ Raining, and have som e- 
^what^a translucent appearanceTa^ull chalky 
appeaiSior^ -fairey. If freshly cut, 
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iti should smell sweefe ; a disagreeable smell betokens 
decay^l In wood of a given species, fcbe heavier 
specimens are in general the stronger and more 
lasting. Amongst resinous woods, those which have 
least resin in their pores and among non-resinous, 
those which have least sap or gum in them are in 


possible to complete the process of seasoning before 
bein2_Daint@d-'Or-Tarekbed^ Natural se asoning, 
consists in exposing tbe timber freely to tfie^afr in 
a dry place, sheltered from sunshine and high winds. 
Tnis is best done by stacking the timber, in such a 
way, that the air circulates freely round each piece 


general the strongest and most lastin g. The beartj ]^at the same time, protecting it by a roof from the 

sun, rain, and high winds, and keeping it clear of 
the ground by skids. The e mat object is to ensure 
regula rj rving. Irregufaf^rymg causes the timber 
To spHTTbe timber should be stacked in a yard, 
paved if possible, or covered over with ashes and 
free from vegetation. The skids should be placed 
as nearly level as possible both longitudinally and 
transversely, and should keep the timber at least 
12 inches off the ground. If possible, the timber 
should be turned frequently so as to ensure equal 
drying all round the balks. Logs are stacked with 
the butts outwards, the inner ends being slightly 
raised so that the logs may be easily got out, Pack- 
ing pieces, I to 2 inches in thickness are inserted 
between the skidding and each log, so that by 
removing them, any log in the tier between two 
layers of skidding may be withdrawn without dis- 
turbing the remainder. When a permanent shed 
is not available, temporary roofs should be made 
over the timber stacks. Boards may be stacked in 
the same way, laid flat and separated from one 
another by battens of dry wood, an inch in thick- 
ness and 3 or 4 inches wide. Any that are inclined 
to warp should be weighed or fixed down to prevent 
them twisting. Boards are frequently stacked 
vertically or inclined at a high angle. __ NaturaL - 
best when time can be spared as 
stow" the wooH~T 0 uih and elastic/ 

however, is very considerable. 


oL most sapwood'is gene^ lly 

s tronger and better I n quality t han lfae heart of 

trees of the same speSis that have little sapwood. 

The removal of a branch of moderate size from 
a tree close down to the stem, will generally be 
concealed by a swelling upon the exterior of the 
tree, Such hidden knots are frequently in a state 
of incipient decay, owing to thJ rain and moisture 
of the atmosphere having entered by the wound 
before it became closed up; and as it generally 
takes a long time, even many years, to completely 
heal it over, it would during all that time be steadi- 
ly producing decay in the fibres running from tbe 
knot to the centre of tbe tree. The diseased or 
affected part when opened is often found to have 
spread to a very great extent, and in bad cases 
emits an unpleasant odour, The disease thus 
occasioned first attacks tbe sapwood and fibres 
immediately surrounding the centre of the knot, and 
then passing downwards follows the direction of the 
wounded branch towards the pith of the stem, after 
which it rises with the sap and is often communi- 
cated to other parts of the tree and does very great 
mischief. It will sometimes happen that this 
disease is concentrated or confined to the root end 
of the branch, producing there what is termed a 
druxy knot. This defect if prevented from spread- 
ing by the otherwise healthy and vigorous state of 
the tree during its growth must still be looked to 
after it is felled, since, if neglected, there being no 
longer any check to its development, fresh moisture 
will be absorbed, decay will be accelerated, and the 
whole log soon destroyed.^ 

Seasoning Timber. ^ 

Timber is said to be seasoned when by some 
process, natural or artificial, the sap in its pores has 
been expeTleTor^ned up so far as to prevent fer- 
mentation and decay from internal causes. One effe ct ^ 

o f seasonmg is to reduce the weight of the timbe rX/ the s ap 
and Tredgold calls timber seasonedwherTIFEasTost 
one-fifth of its weight and says that it is then fit 
fpr carpenter ’s work and common purpo ses. He 
fi fllirTFHiwTindl^forw 

when it has ioitone-thira of its wei^t. The exact 
loss of weight, however, must depend upon the 
nature of the timber and its state before seasonmg, 
before conversio n 
into scantlings. ^ In like mannerTThFleantlinis 
^ould ba TurliSop seasoned, and after having been 
worked up the wood should be left as long as 


iuo 


ItHiffers of course aocorirng^totbe size oOhe 
piece, the nature of the timber, its condition before 
seasoning and the climate of the place. Water 
seasoning : In consequence of tbe length of time 
requirelTo reader timber serviceable by natural 
seasoning, artificial methods have been adopted to 
effect it more rapidly. The simplest of these is 
water seasoning , w hich consists in tot any^ mmgr s- 
ing tbe timber uhleF'wateF 

agduTr w5!?rr 

B washed ouir~tlan "outTit 

dried with free access of air, 
and turned daily. When cut up and used wet, dry- 
rot soo n s eta in . lumber thus s’Ssoned is less 
TiaBIiTowrp and crack, but is rendered brittle and 
unfit for purposes where strength and elasticity 
are required. Care must be taken that the tim ber is 
entirely submerged. Partial immersion injures the 
logs along the water-line. If timber is felled when 
full of sap, it benefits by this method, as the water 
removes the greater part of the fermentable matter 
and makes the wood leas liable to be worm-eaten. 
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goillag isj t ^ofiher maj ^d. Tl^is^oparatjiiaj^^ 
iSa’^seasooSS oauieF^ ^ha timber to shrink j 
leiiTHSiirMpaDsivo to use.^yt should only be-^ 
resorted to in ease of necessity} as it reduces the 
strength and elasticity of the timber, without adding 
to its durability. It is useful when joiner’s work 
has to be executed in wood which takes a long time 
to season naturally. Timber should not remain too 
long in boiling water or steam. The time required 
varies with the size and density of the timber ; one 
r ule is to allow one hour for every inch of thick- 
Mss^TheTrym^lter it is removed~iroir the 
water should take place slowly. Steaming has 
very much the same effect upon timber as boiling, 
but the timber is said to dry sooner after the former 
process. By some it is considered that steaming 
prevents dry-rot. Scorching and charring are 
mitEo^i rather of preserving than seasoning timber. 
The lower ends of posts put into the ground are 
generally charred to prevent dry-rot and the attacks 
of worms, and the charring process may with 
advantage be applied to the embedded portions of 
beams and joists. Care should be taken that the 
timber to which this process is applied should be 
thoroughly seasoned. When green timber is 
charred and then placed in the ground or in an 
unventilated place, decay is sure to result, as the 
natural juices which are thus confined in the 
timber ferment and produce dry-rot. 

Decay Of Timber. 

The general causes of decay b timber are the 
^ presence of sap, exposure to lltarnata wet and 
r dryness, or to moisture accompanied by heat, and 
^^want of ventilation. To prevent decay, the timber 
sA should be well seasoned before being worked up, 
either by the extraction of the sap, or by drying so 
as to remove, as far as possible, the possibility of 
fermentation. It should be kept clear of the in- 
fluence of damp, and should have a free circula- 
tion of air about it. Timber lasts best when kept 
constantly dry and has a free circulation of air 
about it. However it becomes brittle in time, 
though not for a great number of years. .Wood 
kept constantly submerged is often weakened and 
rendered soft, but does not necessarily decay. 

: Some timbers are vary durable when kept eon- 
; stantly under water, such as elm, beech, jamoon, 

' bur and the cotton tree. The circumstances least 
favourable to the durability of timber are albernaba 
wetting and drying, as is the case of timbers 
between high and low water mark. There are 
two kinds of internal decay to which timber is 
sntbieofeed. They are known as dry-roj i and wet- 
th e growclTof a fu ngus 
eats into '’'the’^lltafasr. randara ifi 
and so redans tfiaTlibey 
iiro IfeEucei powffi" irgmeraliy ocours^m' 


^confined places, where moderate warmth combined 
vith damp and the want of ventilation encourages 
the growth of the fungus. The ends of timber al 
built into walls are nearly sure to be affected by it 
unless they are! protected by„„jran shoes, lead, 01 / 

^ jj. 

dprevent^ fhFpas^sale^oCwhite ants. In the same 
may be induced By fixing joinery and 
other^ood work to walls before the? are dry. 
Painting and tarring unseasoned wood by prevent- 
ing access to the air and retaining dampness, has 
the same result. Dry-rot gener ally commences in 
the. sap- wood. Ac nrsF^the timBeF”'Tw0ni3nd 
o^^ngay'cbhmr, is often covered withju^gus or 
rnouldiness, and emft'a a musty smelL' Wben the 
fungus first appears on the sides' oFends of timbers 
it covers the surface with a fine delicate vegetation. 
These fine shoots afterwards unite, and the appear- 
ance may then be compared bo hoar-frost. It now 
increases rapidly, assuming gradually a more 
compact form, like the external coat of a mushroom. 
The colours of the fungus are various, sometimes 
white, greyish white with violet, often yellowish, 
brown, or a deep shade of fine rich brown. Some- 
times, however, the rot appears only in the form 
of reddish spots, which, upon being scratched, show 
that the fibres have been reduced to powder. It 
should be remembered that dry-rot may be present 
in timber without any of tbe outward signs 
mentioned above. In that case, when there is any 
doubt, the best way is to bore into the timber with 
a gimlet or auger. If dry-rot is present it can 
generally be detected by tbe dust extracted by the • 
gimlet, or more especially by its smell. Dry-rot 
may be propagated by the contact of an affected 
piece with a sound piece of timber; or by tbe 
dissemination of the germs of the fungi, which 
being easily carried in all directions, render the 
appearance of dry-rot in any part of a building 
particularly dangerous. Wet- rot: This form of 
decay occurs, in the growing tree and in other 
positions, where the ti mber may become jaturat ed ^ 
If tbe wooT T^Trlborou^^ I 
"^and^To Facceii''^ m oisture 
By^inting or otherwise sE elte^ 
*iDg~the timberTTBe 

TMHT'^ecayTBionEeraBo^ 
both in its growing and converted state is subject 
to the attacks of marine animals and insects. They 
sometimes commit such ravages on timber as not 
only seriously to impair any structure composed of 
it, but eventually to entirely destroy it. Ants : Of 
the ants proper or those belonging toThe^rder 
hymenoptera there are three species in particular 
which attack timber, only one of these need be 
mentioned here. T he black c arpenter ant (for- 
mica Euliginosa), v^chjgBte^^^^ 
wood, is found in'’''liandiag trees more than 
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in seasoned timber. A tinge of black is seen round fisted, warped or wanay, is olassed_as ‘ good.’ ' 
the holes it makes, caused by iron in its saliva G^Umher should small sweet if fresh cut, has a 
acting upon gallic acid in the wood. The wuite hi m ^Sn ^t^UiliB^X^oeTnoIW the 'saw~'andHiii i 
ant (Genus Tarmes) is too-wall-knowa in this fairly^regujax a^nd approximately circular annular | 
country to require any description. It is found ri ngs. Good timber 'is sonoTous wbeirstruckT^a 
sometimes in Europe, but chiefly in tropical dull sound mdiea tes decay. fhiTelQsef and narrower 
climates,’ more especially in ikfrica, India, the the annular rings fte stronger Ihe tiOT The 
Mauritius and St. Helena. Wnise ants will of^nl 'coIquFshoOTTe'uaifbraQ' tEFohg be: 

destroy the whole timber work”^a¥ou s6' withou t \ coma suddenly "lightsr towards ...the edges,-™ Jm 

¥gtsEG:;'^'T’^’¥bYemlose'''t^^ of the wood specimens of the same class of timber the heeler 

but withoffHiiFrdyl'aglfeTsolEaFtiere.ls n ijs generally ' fchs 'stronger.^' Diagonal knots. .are... 

inlication of what they are doing. < partTcinarly objectionable in timberlor piles. 


Preservation Of Timbei?. ^ 

Timber has to be preserved frim moisture, from 
i uternai .de.aay, and "¥om2|h"67£® 

Painting: Timber may be preserved from mois- y 
tffin^ISlling the pores with oil paint. Care should 
be taken that the timber is thoroughly seasoned 
be fore the paint is ap plie ij otherwise, the filling up 
of the outer pores confines the moisture and causes 
dry-rot. Toe same may be said with regard to 
varnishing and tarring. Several methods have been 
introduced from time to time to preserve timber 
/from internal decay and _ toe attacks of insects. 

o soting processys the most effecou 

iu'wsr? 




vativa at preseErtroTOUTrls^lifacDed by seaionidf 
extrac5rng"tbe nioisture ' and air\rom the pores of 
the timber, and forcing in a black oily liquid called 
creosote at a high pressure.') Creosote possesses 
antiseptic properties ; it ^coaguiate s the album £flLof|. 
the wood, fi lls. t he pores wllFTn oil y li qu id w bjoh 
l lfn^ Ya^rateejog^^ high Femperaturas, *' 

"inseoti anddungf, expali wor^ijexoludes 

moistureT pre venl? dry^^m^^^^U . ay.flry-wa^ 

mosTe ff^'iulljfaservatLve. The timber after being 
drleTls placed in a closed cylinder made of boiler 
plate. The air is then extracted from the cylinder 
and from the pores of the wood by means of a 
powerlul air-pump. Creosote at a temperature of 
about 120° E. is then forced into the cylinder, and 
penetrates the wo'®d under a pressure of 10 atmos- 
pheres or about 150 lbs on the square inch, which 
pressure is kept up for some days. The creosote 
should be heavy and rich in naphthaline, which is 
the more enduring material of the oil. The amount 
of creosote forced, in depends upon the nature of 
the timber and the purpose for which it is intended. 

The sapwood absorbs it more rapidly than the 
heart- wood. 

Selecting Timbec. 

Timber should be free from sa p, large or loo se 

kn£ pTwi7~s¥iIes7^ blBmi8bes~Qf. 

light portion with an absence of grain 
.. n ear one ed/eTinHI cateriapr^ and decays first and 

gets soft. ThedSeFtheha^FaTwood, the lighter 

lEesap^ portion is, usually, when dry. Timbex 
uniform in substance, straight in fibre 


SpecifyinI Timber. 

All timber is to be thorougbiy sound and well 
^ealonedTfie from sap, ""shakes, large loose or dead 
FnbTsT'Wney 'eh’ges,^ .and other defects. No timber 
is to he fixed until it has been approved and all 
rejected, material is , to be removed from the .ground 
.forthwith. 

Seasoned Timber. 

, Timber.,], n which the sap and moisture are re-_ 
mo ved is leiimad., seaFqnefjjtimJer.'” Seasoned tim- 
*b 0 r i.s d dar ^ i ig hter and more res ilient o r spr i n gy , 
and is less^lia ble t o jvyist,. warp, 
unseasoned timber. ““ 


The" advantages _pf.,„usin|\ 
tilmbeF ai¥ (Ij ih’at it" works more easily i 
under the saw and planeTTnd' (2) that’ irfetam 
snFahTiialje alter lF“1iWs"ThT‘HDd^ ‘tfir j 
®penTer'6F]pmeEl The disadVantageFqf'.uhs^ | 
Ironed' timber are (l). that1t wafps'and shrinks, 1.2) 
itEaTlt is unsightly, [3] thatlt. Ts ImHe ' Jo, c.au 
failures in structures ...of which it, may form a paict. 
and (4) th’arit is also very liable Jq deca^^^ i 
putrefactron of its . sap. . 

Ascertaining Strength Of Timber. 

The machines used for testing the tensional, 
compressional and otber strengths of timber are 
very expansive and very elaborate, as, unless the 
experiments were efficiently carried out, they would 
be worse than useless. The object of the experi- 
ments is to find the value of 0 in 

bd^ 


(1) the strength formula W“0 

bd® 


(2) the stiffness formula W=0 

where W=Saf 0 load in tons, 
b = breadth in inches, 
d=depth in inches, 

L== length in feet. 

Teak. 

Teak is the most useful 

It is hardj fightrand easily^orked, porou s, 

r vary^gehefalTy Irom 10 in. 

to 24 in. square, and 15 to 40 ft. long. When 
first removed from the ship, they are of a good 
oinnamon brown colour, but soon bleach in the 
sun. They are stacked in piles according to the 
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ownership, wifeh fche buU ends flush and the other 
ends irregular. The balks are squared up fairly 
straight and true, but sometimes waney at the top- 
end, with heart out of centre owing to the tree 
having been bent during growth. The ends are 
stamped with the mark of the Firm, often in two or 
three places, with the number of log, and alongside 
it, the trade-mark. The dimensions of the log are 
stamped in 1 in. figures, thus 17-2x2^x20 mean- 
ing 17 ft. 2 in. long, by 2 ft. 6 in. wide by 20 in. 
thick. The cubic contents are marked in red chalk. 
After the logs are all stacked, the invoice-mark, as 
24/2788, and number of the log are painted on the 
end of each with white paint to identify them more 
rapidly. 

Teak Scantlings. 

The standard teak scantlings of the Madras 
P.W.D. with particulars of purposes for which they 
are ordinarily required are given below. 


No. 

Siza of floantl 
iog in inobes 

Cnbio 

Remarks and purpose for which 

b 

d 

foot per 
foot run. 

required. 





Joists and rafters. 

1 

2 

3i 

■0186 

For rafters of slopiag roofs for 




UQSupported bearing of 6ft;. 

2 

2 


•0625 

Foe rafters of sloping roofs for 



H 


unsupported bearing of 8ft 

3 

2 

■076 

For rafters of sloping roofs for 





uusapported bearing of 10ft. 
and also for terracing 6ft. 

i 

2 


'090 

For rafters of sloping roofs for 





unsupported bearing of 12fD. 

5 

2 

7 

•097 

For joists of terracing, bearing 





8ft. 

6 

2 

8 

1388 

For joists of terracing, beating 





lOfc. 

1 

3 

9 

1875 

For joists of terracing, bearing 





12ft. 





For posts and struts. 

8 

3 

3 

•062 

Do. 

9 

i 

i 

111 

Do. 

10 

5 

5 

173 

Do. 

11 

6 

6 

•25 

Do. 





For purlins and hressummrs 





and trusses. 

12 

: i 

5 

1388 

For principal rafters. 

13 

i 

6 

1666 


Purlins of king post trussesSfi;. 





■ 

apart on spans from 16 to 

U 

4 

7 

1944 


30ft, also principals. 

15 

5 

7 

•243 


Purlins of king post trusses 

16 

5 

8 

•277 

, 

lOffc. apart on spans from 16 
to 30ft. 

17 

6 

6 

•333 


Purlins of king ^post trusses 

18 

6 

9 

•S75 


12ft. apart on spans from 16 
to 30ft. 





The above with the struts will 





also serve for the purlins, 
principals, etc., of queer 
post trusses for spans from 
31 to 45ft. 

19 

20 

8 

S 

i 

5 

'0838 

'1041 


For door and window frames, 

21 

3 

I 6 

1260 1 


etc. 


Safe Loads On Teak Scantlinls. 

For teak, the formula adopted in the Technical 
section of the Madras P.W.D. are 

For strength. 

210 bd ' 

factor of safety of 7...1 

For stiffness. 

210 bd ® 

L^xm' deflection of 1/30 ” per foot 
of span 11 

limiting deflection to 1/40 ” per foot 

of span III 

For teak posts a'nd struts. 

Ps.==l/5|2500— f’fl =or 

<60. ' IV 

Where 

W=8afe distributed load in tons. 

b= breadth of scantling in inches. 

d=depth of scantling in inches. 

L= length of scantling in ft; 

Ps=p8rmis8ibl6 stress in lbs. 

1 = length of post or strut in inches. 

di=l0a3t dimension of cross section of poster 
strut in inches. 

Scantlings Of Timbers Other Than Teak. 

In the Madras P.W.D. scantlings as for teak are 
permitted for the following timbers Sal, Irumbo- 
gam, Oorappo (Hopea Parviflora), Aioee (Artocarpus 
Hirsuta), Karamarudu (Terminalia Tomantosa), 
Jarrah Australian, Black butt Australian, Iron bark 
(white or grey] Australiau, Mahogany Australian, 
Tallow wood Australian. The following timbers 
are accepted by Madras P.W.D. with the value of 
0»180 in the strength formula, I above:— Irul 
(Xylia Dolabriformis) Pillamarudu (Terminalia 
Panioulata), and Poonah wood. 

Metals. 

The principal metals used in buildings 
copper, lead , zinc, ana some or their alloys 
^iilFeu^neen^^ into 

the following classes : A. Gaal. jron I 
orde^f j||.6Q|bh, (a) Granular w^iB^cast iron, ib) 
Grey east iron'll. 3, (c) Grey cast iron No. 2, id) 
Grey cast iron No. 1. B. Wrought iron ; (a) Best 
iron, (h) Best Best iron, best Staffordshire iron 
S. 0. crown, Bowling, and Lowmoor or Swedish 
iron ; or according to forms : Flat iron, Square or 
Bar iron ; Eod or Bound iron, Tee iron, Double 
tee iron. Angle iron, and . Chancel iron. 0. Steel ; 

ia) Cast steel, (^) Mild steel ; or [a) Blister Steel, 

ib) Spring steel; (c) Single shear steel, id) Double 
shear steel, (e) Oast steel, and (/) Bessemer steel . 
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Characteristics Of Iron. 

j The great differences that exist between cast, 
w. rdt3gtrti^ the amonniLof 

carbon they respe ctive contaiD.! When carbon is 
fhsenfTof^y present in very small quantity (nob 
exceeding 0'25 per cent.) we have wrought iron, which 
is comparatively soft, malJeaHeTHuctile, weldable, 
easily forgeable, and very tenacious, but nob fusible, 
and nob susceptible of tempering like steel. When 
present in certain proportions (^bout TS to I’S per 
cent.) we have various kinds of steel which are 
highly elastic, malleable, ductile, forgeable, weld- 
able, fusible in furnaces and capable of receiving very 
different degrees of hardness by^tempering. And 
lastly, when present in greater proportions than in 
steel (about 2 to 6 per cent.) we have cast iron, 
which is hard, comparatively brittle~'anff'1re5 jls£. 
fjeTEIeTbuo nE I^^ Cast iron is 

six times stron ger in compression than in tension 
and' is used cffuSy for p arts subject to dead load 
only, such as coFumns, nase-plate, and for shaped 
articles such as brackets, ^es, etc. Wrought iron 
is of nearly equal strength in tension and compres- 
sion and is used for rolled sections, .boilers, tie-rods, 
bars, bolts, nuts and rivets, Steel, at tbe present 
day, Includes ‘‘all those malleable forms of com- 
mercial iron containing iron and .carbon produced 
from a state of fusion into a malleable ingot ” and 
is used for boiler and bridge plates when containing 
little carbon and for the finest cutlery and for cut- 
ting tools when containing more carbon.. 

Cast Iron. 

Granular white cast iron is hard but being very 
brittle cannot be used in any large mass. Grey 
oast iron No, 3 contains less carbon than No. 2 and 
much less than No. 1. The crystals shewn in a 
fracture are smaller and closer than in Nos. 1 
and 2. It is, moreover lighter in colour, and has 
less lustre. It is harder and more brittle and is 
employed in heavy castings. No. 2 is intermediate 
in quality between Nos. 1 and 3. It contains less 
carbon than No. 1, is therefore lighter in colour, 
closer in the grain, and more difficult to melt ; but 
being harder, is better adapted for machinery, gir- 
ders, and castings intended to carry weight and 
wherever strength and durability are required. No. 1 
possesses a high metallic lustre and melts into a 
very fluid state which adapts it for very fine deli- 
cate castings not requiring much strength. It con- 
tains from 3 to 5 per cent, of carbon. 

Wrought-lm. 

For ordinary purposes, best Staffordshire iron 
will be good enough. For rivets and other works 
requiring soft or ductile iron, Lowmoor or Swedish 

iron should be used. For tie rods, S.C, crown, 

r 


Bowling, Lowmoor or Swedish iron should invari- 
ably be used. 

Usual Forms Of Wronght-Iron. 

Wrought-iron is prepared in several convenient 
forms for general use. A few of these will now be 
briefly mentioned. Bar iron, which may be readily 
obtained in lengths of 22 feet, includes simple sec- 
tions, round, square, or flat. Square or round : 
The ordinary dimensions for this class of bars are 
generally from i inch to 3 inches diameter or side, 
increasing by l-16tb of an inch each size. If above 
i an inch diameter they are classed as rods, or if 
under 3-16tbs inch diameter as wire. Flat Bars; 
Tbe ordinary dimensions are generally from 1 inch 
by i of an inch to 6 inches, the width increasing 
■J of an inch and the thickness 1-1 6th of an inch 
in the various sizes. The above forms are given by 
angular or semi-circular indentations on tbe 
peripheries on the rollers between which the metal 
is passed. Various forms other than the rectangular 
and cylindrical such as balf round, oval, hexagon, 
..octagon, may be given to bars of iron by the same 
means, that is by having the desired form of section 
cut in the peripheries of tbe rollers. But by far the 
most important are the angles and tee irons. Iron 
of these sections are largely used in many engineer- 
ing structures such as roofs, bridges, girders, Ac. 
The sections are made of a great variety of 
dimensions. Angle Iron : The ordinary dimen- 
sions are generally frona J inehxj inch x| inch 
thick up to 8 inches x 8 inches > | inch thick. 
Tee Iron ; The ordinary dimensions range from 
7/16ths inch table x f inch stem x J inch thick up 
to 12 inch table xf inch stem x 7/8 inch thick. 
Channel iron known also as Half H Iron, is a form 
frequently used in lattice girders and similar struc- 
tures. It can be obtained from 5/8 inch widexf 
inch high x 3/16th inch thick to 12 inches wide x 4 
inches high x J inch thick. I Iron : This is one 
of the most useful sections of iron, and is known as 
Beam Iron, Boiled Joist Iron. It is now extensively 
used for fire-proof and other floors, girders of bridges, 
&c., and is rolled in depths of from 3 to 14 inches, 
Plate, Sheet and Hoop iron are made by rolling 
between smooth cylinders, Plate iron is made in 
thickness between Jinoh and 1 inch. The different 
thicknesses vary l-16th. of an inch each in succes- 
sion. When beyond i inch thick the plates are gene- 
rally of ordinary quality. Common plates are used 
for shipbuilding and are called “ ship plates.” Best 
plates also are used for shipbuilding where more ten- 
sile strength is required, and for girders ; Double best 
plates are used for the better class of shipbuilding, 
such as men-of*war, also for steam-boilers. Treble 
best plates are used in boilers of superior construc- 
tion, andfirst- class work generally. Sheet iron is gene- 
rally of a superior quality of iron and its tbicknesi 
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is specified in terms of the Birmingham wire gauge 
(B.W.G.). When the material is of a thickness 
equal to or less than No, 4 B.W.G. i.e., ‘239 
inches it is called sheet- iron ; above that thickness 
plate-iron. Corrugated iron is produced by passing 
sheets between grooved rollers which force or bend 
them into a series of p3,rallel waves or corrugations. 
These enormously increase the strength and stiff- 
ness of the sheets, and fit them for a great variety 
of purposes for which the flat sheets would be too 
weak. The sheets must be of good quality so as to 
stand the process, or they will crack. The general 
dimensions of the sheets before corrugation are 6 
feet X 3 feet 2 inches, or 8 feet X 3 feet 2 inches ; 
with corrugations, 5 inches apart, the width is re- 
duced from 3 feet 2 inches to 2 feet 6 inches. Hoop- 
iron is not much used in engineering work except as 
an additional bond in brickwork, for which purpose it 
is generally about J inch wide and of No. 16 B.W.G. 
tarred and sanded. Eor other purposes it is made 
from I to 6 inches in width, and in thickness 20 to 
14 B.W.G. 

Steel. 

Oast steel is like ca'st iron but much stronger. 
Mild steel is like wrought iron but more homogene- 
ous, softer and tougher. 

Biistep Steel. 

There are several modes of manufacturing steel. 
Eirst, it may be produced by adding carbon to 
wrought-iron, which process is called cementation ; 
secondly, by partially refining pig-iron, thus remov- 
ing a portion of its carbon until the proper amount 
only remaios. There are several ways in which 
this may be done, the result being that there are 
several descriptions of steel in the market. The 
finer kinds of steel are made of superior bar-iron, 
generally Swedish, by the cementation .process. 
Iron bars after cementation process are no longer 
tough and fibrous, but brittle and crystalline, they 
are also fusible and covered with blebs or blisters. 
Hence the steel is known as blistered steel The 
blisters are supposed to be due to the evolution 
of carbonic oxide arising from the combination of 
carbon with a trace of oxygen in the iron. When 
the blisters are small and tolerably regularly distri- 
buted, the steel is of good quality. Blister steel is 
full of cavities, which render it unfit for forging, 
except for a few rough purposes. It is used for 
facing hammers and steeling mason’s points and 
such rough tools, , but not for edge tools. Most of 
the blister steel made is used for conversion into 
other descriptions of steel Spring steel is blister- 
steel heated to an orange or red colour and rolled 
or hammered. 

Shear Steel. 

, By the process of cementation the exterior 
o^y of the bars IS oaTbonised. To produce steel 


of uniform quality throughout its mass, bars of 
blister-steel are cut into short lengths, heated in 
bundles, and partially welded with a forge hammer. 
The rod so formed is heated again, sprinkled with 
sand and borax, and brought under the action of 
the tilt hammer, which by a succession of blows 
removes the blisters, closes the seams, and beats and 
amalgamates the faggots into a bar of single shear 
steel; such bars are more compact and malleable 
than blister steel, and consequently better fitted for 
edge tools, such as knives, plane irons, &o. If the 
single shear steel is doubled upon itself and again 
welded and drawn into bars it is called double shear 
steel The process to which the steel has been 
subjected restore^^its fibrous character. It is still 
weldable, is more malleable, and tougher, is close 
grained, and capable of receiving a finer edge and 
higher polish than blister steel 

Cast Steel. 

This term until lately was confined to steel made 
by melting blister steel in crucibles. The name 
cast-steel, however, can no longer be confined to 
steel so made, because Bessemer’s steel, to be 
described presently, is truly a east-steel. The finer 
kinds of cast-steel are now sometimes called cruci- 
ble steel Oast-steel is the purest, most uniform, 
and strongest steel, but requires more skill in forg- 
ing. It is UDsuited for welding, and should never 
be raised • beyond a red heat, or it will become 
brittle so that it cannot be forged. It is used for 
the finest cutlery and for cutting tools composed of 
steel only. ■ 

Bessemer’s Process. 

Bessemer’s process consists in pouring molten 
cast-iron into a large crucible called a converter and 
forcing a blast of air through it under high pressure. 
The blowing is either stopped at an instant deter- 
mined by experience, when it is known that there 
remains in the iron a quantity of carbon saffioient* 
to make the steel of the kind required, or else the 
blast is continued until the carbon is all removed, 
and from 5 to 10 per cent, of Spiegeleisen— a metal 
rich in carbon and manganese— is then added. The 
blowing is then resumed for a short time so as to 
thoroughly incorporate the two metals. The steel 
is now run into large ingots, which are hammered 
and rolled like wrought-iron blooms to make it 
sufficiently dense and compact. Bessemer steel is 
used for rails, tyres, cornmon cutlery and tools, 
roofs, bridges etc. 

Other Varieties of Steel. 

Besides the varieties of steel given above, there 
are several other descriptions used in eonetruction, 
resulting from the various modifications in the 
manufacturing process, and known in the market 
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as Siemen’s steel, Siemen’s Martin steel, Landore- 
Siemen’s steel, Wbiteworth's compressed steel, 
Tungsten steel, Chrome steel, etc. 

Practical Tests For Iron AM Steel. 

1, Hold a piece of iron in the smith's tongs ; when 
jt is red hot stride it with a hammer on th e 
anvil and if cast iron it will 2v"iQ~DiBce s. Ifife 
do es nolT^u nge it in m ter to cool it sudden ly. ,If 
itisidli Hardened it is wrought ~ir_o n. it is 
L hardened it is steel. 2. A bar slung by a string at 
with a mallet or billet of 
wood will give a clearer ringing sound for steel than 
for wrought iron. 3. An examination of a cold cut 
end will show coarse fibres aSd possibly some 
crystals in the case of wrought iron ; mild steel 
will show a finer grain and more appearance of 
tenacity 

Steel Boiled Joists. 

feolled iron joists are not now made. In the 
Indian market there are available English joists 
and Foreign joists. The latter are considerably 
weaker than the former. Invariably English joists 
of standard sizes should be adopted. At the present 
day, wooden beams and joists are now being 
replaced to a great extent by steel joists. 


Corrosion And Preseryation Of Iron. 

One of the difficulties in the use of iron and steel 
is the corrosion to which these materials are liable. 
The corrosion is most rapid on surfaces which are 
alternately wet and dry, and less rapid on surfaces 
entirely covered by water. Cast-iron and steel are 
more rapidly acte d o n by sea water than wrougnt^ 
irom Uast-iron obtains m tbe sand mould a 
covering of silicates which, if unbroken, is less 
liable to corrosion than clean surfaces of tbe metal. 
Acids present in some woods cause rapid corrosion 
of iron in contact with them. Hence, in oak, 
wooden tree-nails and copper bolts are generally 
used. The following modes are employed for the 
preservation of iron : 1. Dr, Angus Smith’s prog iaas. \ 
which has been l^ugusedJorjSIiJ^^ ' 

consistsmhe^Dg fee |ron to be coated to a ' 
tf mpMt lfroI "and immersinglt injlbatb , 
of at a temperature of at least 2 12^^ F, i 

The plOEElised isIsoaT*^^ from' which tlie'na^ 
has been removed by distillation. A little oil is 
generally added to the bath. 2. A tar varnish for 
application to surfaces which cannot be heated. 
The varnish consists of tar with a little tallow and 
resin. 3. Painting with oil paint, especially with 
paints which have^oxide of iron as 
GalYanising. 

The most complete protection is’^ obtained by 
immersing tbe iron in a bath of melted zinc. 
Before immersion, the iron is cleaned by being 
steeped for some eight hours in water containing 


about 1 per cent, of sulphuric acid, then scoured 
with sand, washed, and placed in clean water. The 
iron is next heated, immersed in chloride of zinc to 
act as a flux, and then plunged into molten zinc, 
tbe surface of which is protected by a layer of sal 
ammoniac. Tb e zinc protects tbe iron from oxida* 
t ion so long as the coating is entire, 

, Classification And Characteristics Of Limes. 

— All the calcareous cements used in masonry have 
lime CaO (Calcium Oxide) as fcbeir basis, in combi* 
nation with other materials in different proportions# 
Lime is generally found in nature in combination 
With Carbonic Acid, Coa (Carbonic Anhydride), 
forming Carbonate of Lime, or Sulphuric Aci^ 
forming a Hydrated Sulphate of Linae, called Gyp- 
sum, CaS04+2H20. The cement formed of 
Gypsum is called Plaster of Paris (2 0*804+ HaO), 
which forms the basis of most plasters, and is often 
added to various compositions in order to make 
them harden more rapidly. Carbonate of Lime 
(CaCOs) (Calcium Carbonate) is found either pure 
that is, consisting of 43 '6 parts of carbonic acid to 
56‘4 of lime ; or mixed with silica (SiOal, alumina 
(AlaOs) Magnesia (Mg 0) oxide of iron (FeaOs) &o., 
in varying proportions. White chalk and marble 
are specimens of the purest carbonate of llmlx 

Ltas ind many ol'heFltffi"^tone8^ 

oTas specimens ortbe i mpure carbonatT 
a piece of carbonate of lime be calcined— that is, 
(heated to redness in air^the earboilclLoid will be 
ffriven off in the process. Not only is tbe chemical 
- composition of the stone changed by calcination, 
but the physical structure is likewise altered and 
the cohesion between the particles so reduced, that 
if tbe limestone is very pure it will fal l to powder 
In the kiln. L [me after calcination becomes whi te 
or ligt^brown, wbateverwaOtBlbmer colour. 
Tn lEiTstate it has lost its affinity for carbonic acid, 
mg 18 termed caustic or quicklime . Slaking 
c hemical combination of quicklime with water. | 
Quicklime on being wetted slakes, that is, it throws 
out great beat, swells up, and finally falls to a white 
: powder, hydrate of lime (CaHaOa), In this state 
ithe affinity for carbonic acid is restored; but 
* though at first it quickly absorbs carbonic acid from 
tbe air the process gradually becomes slower, and 
it has never been found to have recovered its 
full equivalent. Lime in combi ning with carbonicL 
a cid parts with tEe‘~¥at6r it cdr^ined with im 
forminY a bydrate, Air siakingTTf^i be 
exnosed^To tbe—ac tion of tbelimospFer^ it wll! 
g radually absorb moisture andTifilo nowder 
increase oF . . Som c^bonio acid is absorbed 
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i-apidly slaked wibh water; slakipgJi maJiQjL, oontiainiDg from 10 to 35 p^er een!;. of clav_ w}iTfi>i 


water is more active than cold water, and aqu eous 
vaDOOT more energetic than hot water, butit_w.ould 
tlla^ D^l^slaSe ala^F~mass of lime with 
moisTiimospberio air than witFwater, owiag to the 
difficulty of renewing tbe water with sufficient 
rapidity ; but nevertheless an impure lime, or a 
very dense lime, which has resisted the action of 
water will very likely crumble in moist air or steam. 
I Satting is th e bardeDjn g_iiJima.JW^^ 

* 'miteT mto a paste with water. To form a cement 
with hydrate oTlime it musrba mixed with suffi- 
cient water to form a paste of the consistency re- 
guired. After having applied a cement in the 
plastic state in order that it may set, or recover its 
original hardness when in the form of a carbonate, 


gives it the p owe r of setti ng under jvater. JSydrau- 
lie lim es are oTmucbu^ ^ condi* 

jjons ot\MMm^r as ^tbe one hand, v^re th^' 
'building is not likely to be exposed immediately to 
the action of water, and where its action is not 
severe ; or where, on the other hand, it would be 
improper to use pure limes. In the use nf hvRyanij/. 
limes, moreover, th^reJaiasaJ^er th an in th a 
unskilled bricHayersp oiliT^ 
thewofE ~~ 

Surkhi. 

Surkhi, an artificial substitu te foj ; _ natural earths ' 

^ich have the nt ^r oi conferr ing ydmTiITn^^ 

peBieffwinSMTiTobSin edby^^ brick 


original Hardness wnen m me lorm or a carnoDd.e, it to a very fine powder before 

it would seem necessary only to subject i o adding it to the lime paste. Surkhi has been long 
pressure, and, in some cases, give it access o the jg extensively used in this cojintryHio 

carbonic acid of the air. Setting is very differen ^ hydraulic properties to lime. Great cart ig 
from mere drying ; during drying the water in the--- neeessarTl'u the JMnliTacture'oT?urkhi. It is only 
paste evaporates, but no setting action takes place. experimenting with different 'kinds of- brick 
Hydraulici^y : Limaj^r^ me n li s said to ^ e^g re purpose. 

When tbe bricks obtainable are only such as are 
mortar madpfrPm"!!^^ set j B. made of indifferent clay and carelessly burnt, 

is often tbe case with the bricks in this 
Mortars made from pure carbonate of lime, sue country, good clay should be procured and burnt 
as white chalk or marble, have m themselves T^is should be done by making the 

no property which can s®*' about two or three inches in diame- 

fcbe presence of carbonic acid, that is. without free ^ 

access to the air. On the other hand, ,^or^s experiment, and grinding them 

to an impalpable powder. This last operation is 
absolutely indispensable ‘to effect the intimate union 

P^fcyjfjoiid^ wlth^^^iS8i8ia^^^ ^,ter. Those clavs containing large nronortion of 
Fr^Jb^p^, whiiih^- sand 

rarmoITalumi^^ 

hy draulic limeg_gr hydraulic cement^ g iias f to tbe l FS^T^ 

Classification Of Limes. Portland Cement. 

The limes obtained by calcining different oalcare- > The cements used for building purpose are cal- 
ous stones may be classified according to their careous substances, similar, in many respects, to 
action in slaking and setting. Tbe divisions, how- the best hydraulic limes, but possessing hydraulic 
ever, merge gradually the one into the other with- properties to a far greater degree. They are distin- 
out sharp distinctions, tbe difference between them guisbed from limestones bv not slaEmg'orkeakiig " 
depending upon the nature and ..amount of foreign ..up ” when mixed with water after calciDatioD. 
matter associated with the lime, and also upon the^C ^menBrare used cbfeiiy for f oundations in we t 
degree of calcination to which the stone has been places , s^aq ueous work of ail kinds , lorlmpo^tot 
subjected. The following classification is sufficient itructufe's ^wtee-ffl^^ is regoireSTsuSTa s 
for all praetdeal purposes: Ist. Fat, rich, orpure^M ffock walls and iighthousS^ior the more exposed 
limes obtained from white chalk and marble, being^' parts ot ord inar y sl^ctufe s, s u obartEFcgptl g^f 
almost pure .carbonate of lime, slake with consider- | walls, ior protecting the ouieflaFeT^^ 
able energy, gain no consistency under water, ' Eutfdtnp iromTEfl~ 

remaining in a state of paste in water unchanged, , Trails where estm sk^^ is required . fo r the wall a 
bub dissolving wholly in pure water frequently ^ onesspltS'rilte‘'1^?inf^^ ^ 
changed. 2nd,,. Poor limes, a oombinaM oiu^4*mffqi )ctmCT et fr --agd -CTT^^ is 

and sand or other inert matte r ; they slake sluggishly^ Ey' far lie most important ' of all the cements, 

' ancl imperrectiy, and in setting resemble rich limes. 

Hyd^aulio . limes, obtained from limestones 


and receives its name from its resemblance in colour 
to Portland, stone. It manufactured from o baik 
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a nd in different propo rfeions J It may be 
produced irom a grean yariecy oTTImesfeones, and 
experience shows the exact proportions of the 
materiais used which are most suitable. The ingre- 
dients must be so m ixed that the cementls aosom* 
jely ho mogerreouriDd nnHnaB le 
^English lM‘ffin“y “Iffahi^s of Continental cements 
are superior to Madras cement, The Madras Port- 
land cement is very unequal in quality and it 
sometimes cracks and blows when laid on the 
walls as plaster. Neither can the Madras cement 
be recommended on the score of cost ; there are 
many brands of English cements equally cheap. So 
it is always safe to buy Eagli|h brands.^^Wnen 
you buy cement, s ee that the casks are intaht . for, 
unscrupulous bazaarmen often open the barrels and 
adulterate the cement with ashes. Tnis can be 
detected by taking a handful of cement and 
throwing it in a bucket of water. If there are 
ashes, it will float on the water while the cement 
will gradually sink to the bottom of the bucket. 
Cementi of a whitish color is not good.f It should be, 
of a bluish grey oolor\Whe a you ooeikfl. n^w 
€h Fl}emTDrrhu3fi~1ra in floe powder. Sometimes 
you will find that it has hardened into cakes, so 
much 80 that it is often necessary to dig it out 
with a crowbar. When cement has hardened- 
and caked in the cask, it is a sign of deteriora- 
tion. Cost of cement varies according to the 
brand, In Madras the cost of a ^d brand 
ngnsu cement i : abo ut Rs. Portias cemehF 

has many advantages. hard and dense 

mortar, m uch harder^ than lim e morE rT It sets 
^quic kly in airland it seST'orn ardeDs’^ven under 
w ater which ordinary lime mor iaFlfoe 3 ~n‘eWer-QAa^ 
peculiar property of cement is^'tt nr t H hardens in 


sewage^ynTm un tne^ mex- 
o orrodeni.fffl deteriorates un flaK-feh^—action of 
sewage . The sferengFETTForSand cement goes on 
increasing for a year. The strength decrea ses with 
the amount of sand^ mixed with 
the best guarantee orTEe’^quiliiy^ of a cement 
is that it comes from a manufacturer who exer- 


cises the requisite care and attention to secure 
the necessary invariable quality in his product, a 
very slight difference in the manufacture makes a 
great difference in the character of the material, 
and hence a rigid system is necessary in order to 
secure the best cement. Eor major sanitary works, 
it is the usual practice to obtain the cement requir- 
ed by indents on the Director General of Stores, 
London, 


British Standard Specification For Portland 
Cement. 

; “ 1. The cement shall be prepared by intimately 
mixing together calcareous and argillaceous materi- 
als, .burning them ata clinkering temperature and 


grinding the resultant olioker. No addition of any 
material shall be made after burning, except when 
desired by the manufacturer and if not prohibited 
in wrir-ing, by the consumer in which case calcium 
sulphate or water may be used. The cement, if 
watered, shall contain not more than 2 per cent 
of water, whether that water has been added or 
has been naturally absorbed from the air. If 
calcium sulphate is used, not more than 2 per cent 
calculated as anhydrous calcium sulphate of the 
weight of the cement shall be added. Before 
gauging the tests, the sample to be tested shall be 
spread out for a depth of 3 ins. for 24 hours in a 
temperature of 58 to 64 degrees Fahrenheit. * * 
* * 4. The cement shall be ground to comply 
with the following conditions of fineness. 100 
grammes (4 oz. aoproximately) of cement shall be 
continuously sifted for a period of 15 minuter with 
the following results. The residue on a sieve 76 X 76 
=5,776 meshes per square inch, shall not exceed 3 
per cent. Tne residue on a sieve IBO x 180 =s 32,400 
meshes ner square inch, shall not exceed 18 per 
cent. The sieves shall be prepared from standard 
wire, and the size of the wire for the 5,766 mesh 
shall be '0044 inch, and for the 82.400 mesh, '002 
inch. The wire shall be woven (not twilled) the 
cloth being carefully mounted on the frames without 
distortion. 5. The specific gravity of the cement 
when fresh burnt and ground shall be not less 
than 3’15 or 3'10 when it can be proved to the 
"satisfaction of the Eugineer (or of the purchaser) 
that the cement has been ground for 4 weeks. 
6. The cement shall comply with the following 
conditions as to its chemical composition. There 
shall be no excess of lime— that is to say, the 
proportion of lime shall be not greater than is 
necessary to saturate the silica and alumina 
present. The percentage of insoluble residue shall 
not exceed r5 per cent, that of magnesia shall 
not exceed 3 per cent, and that of sulphuric 
anhydride shall not exceed 275 per cent. 7. The 
quantity of water used in gauging shall be appro- 
priate to the quality of the cement, and shall 
be so proportioned that when the cement is gauged 
it shall form a smooth, easily worked paste, that 
will leave the trowel cleanly in a compact mass. 
Fresh water shall be used for gauging and . the 
temperature thereof, and that of the test room at 
the time the said operations are performed shall be 
from 58 to 64 degrees Fahrenheii 8.. The cement 
gauged as above shall be filled, without mechanical 
ramming, into moulds, (form specified), each mould 
resting upon an iron plate until the cement has set. 
When the cement has set sufficiently .to enable 
the mould to be removed without injury to the 
briquette, such removal is to be effected. The 
said briquette shall be kept in a damp atmos- 
phere for 24 hours -after gauging, when it shall. b« 
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placed in fresh water and allowed to remain there 
until required for breaking, the water in which 
the test briquettes are submerged being renewed 
every seven days, and the temperature thereof 
maintained between 58 and 64 degrees Fahrenheit. 
Briquettes of neat cement (shape specified) shall 
be gauged for breaking at 7 and 28 days res- 
pectively, six briquettes for each period. The aver* 
age tensile strength of the six briquettes shall be 
taken as the accepted tensile strength for each 
period. For breaking, the briquette shall be held 
in strong metal jaws (shape specified), the briquettes 
being slightly greased where gripped by the jaws. 
The load must then be steadily and uniformly 
applied, starting from zero, increasing at the rate of 
100 lbs. in 12 seconds. The briquettes shall bear 
on the average not less than the following tensile 
stresses before breaking: 7 days from gauging 
400 lbs. per square inch of section ; 28 days 
from gauging 500 lbs. per square inch of section, 
9. The cement shall also be tested by means of 
briquettes prepared from one part of cement to 
three parts by weight of dry standard sand, the 
said briquettes being of the shape described for the 
neat cement tests ; the mode of gauging, the filling 
of the moulds, and the breaking of the briquettes 
shall also be similar. The proportion of water 
used shall be such that the mixture is thoroughly 
wetted, and there shall be no superfiuous water 
when the briquettes are formed. Toe cement and 
sand briquettes shall bear the following tensile 
stresses : 7 days frona gauging. ..150 lbs. per square 
inch of section, 28 days from gauging.. .250 lbs, 
per square inch of section. The increase from 7 to 
28 days shall not be less than 20 per cent. The 
standard sand referred to above is to be obtained 
from Leighton Buzzard. It must be thoroughly 
washed, dried and passed through a sieve of 20 x 20 
meshes per square inch, and must be retained on a 
sieve of 30 x 30 meshes per square inch, the wires 
of the sieve being ‘0164 inch and '0108 inch in 
diameter respectively. 10. There shall be three 
distinct gradations of setting time which shall be 
designated as ‘quick,’ ‘medium,’ and ‘slow.’ Quick: 
The final setting time shall be not less than 10 
minutes, nor more than 30 minutes. Medium; 
The final setting time shall be not less than 
half an hour, nor more than 2 hours. Slow : 
The final setting time shall be not less than 2 
hours, nor more than 7 hours. The temperature 
of the air in the test room at the time of gauging, 
and of the water used, shall be between 68 and 64 
degrees Fahrenheit. The cement shall be consi- 
dered as finally ‘ pet * when a ‘ needle ’ (of the form 
specified), having a flat endy^mch square, weighing 
in all 2i lbs. fails to make an impression when its 
po|»t is applied gently to the surface. 11. The 
oeipeQt shaE be tested by the Le Chatelier method, 


and shall in no case show a greater expansion than 
10 millimetres after 24 hours’ aeration, and 5 milli- 
metres after 7 days’ aeration.” 

India Store Department Specification For 
Portland Cement : Pattern 

“ 1. The cement shall conform with the British 
Standard Specification (second issue) for Portland 
Cement except as regards the details hereinafter 
specified. Para 1. The addition of calcium sulphate 
is prohibited. Para. 2. Samples will be taken at the 
manufacturers’ works by the Superintendent, India 
Store Depot, or hia Deputy, from every 90 tons 
of cement, or l^s, ground, and they are to be 
forwarded carriage paid to the Oil Branch, India 
Store Ddpot. Para. 6. The percentage of mag- 
nesia shall nob exceed 1*25 per cent. Para. 8. 
Briquettes of neat cement will be broken at 7 
and 14 days, and results determined therefropi ; 
but in order to test in strict accordance with the 
Standard Specification a further set of briquettes 
for breaking at 28 days shall be prepared. Six 
briquettes shall be prepared for each of the 7, 
14, and 28 days’ tests, and the average of the six 
broken at each period shall be taken as the tensile 
strain. Samples fulfilling the conditions of the 
7-day test, failing under that of thel4*day test, but 
conforming with the conditions of the Standard 
Specification at the 28-day test, will be accepted. 
The average breaking strain for the 14-day test shall 
not be less than 433 lbs. per square inch of section. 
The increase from 7 to 14 days shall nob be less 
than : 8i per cent, when the 7-day test falls bet- 
ween 400 lbs. and 450 lbs.; 6f per cent, when the 
7-day test falls between 450 lbs. and 550 lbs.; 5 per 
cent, when the 7-day test falls between 500 lbs. 
and 550 lbs.; 3| per cent., when the 7-day test falls 
between 560 lbs. and 600 lbs ; If per cent, when 
the 7-day test is 600 lbs. or upwards. Para. 9. 
The cement and sand briquettes shall have 
a tensile stress of not less than 184 lbs. per 
square inch when broken at 14 days; and the 
increase in strength from 7 days to 14 days shall 
nob be less than 6f per cent. Para. 10. Supplies 
under • the Oonbraot shall be “ medium” setting. 

2. Notice in writing to be given to the Superin- 
tendent, India Store Depot, when the Contractor 
is ready to begin the grinding of the cement. 

3. The cement is to be packed in casks: each 
cask is to contain either (1) 400 lbs., or 
(2) 200 lbs., cement, net, as may be specified in 
the orders given under this Contract. 4. The 
casks are to be made of sound well- seasoned 
fir, and are to be closely jointed. The staves 
of casks containing 400 lbs. cement are to be 
not more than 3 inches wide, and not less than i 
inch thick. The staves of casks containing 200 lbs. 
cement to be not more than 2i inches wide, and not 
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less than J inch thick. The heads and bottoms are 
to be made in four pieces, and are to be not less 
than i inch thick. A cross bar 4i ins. X J in. 
secured with at least four li inch nails (one through 
each stave) to be nailed across the centre of each 
head and bottom, Toe cross bars to be made the 
full width of the head. The ends are to be 
segmental in shape, tapered to not less thanj^ 
inch at the ends, and are to pass under and be 
secured by the outer lining hoops. 5. Each 
cask is to be bound with four steel and 12 
hazel hoops. The steel hoops are to be 1 inch 
wide by 21 S.W.G. thick, and are to be securely 
fastened with one i inch steel rivet, the head of 
which is to be hammered down fiat. Tne hoops to 
be firmly and evenly driven down so as tofis tightly 
over the entire eircumference of the cask. Tne 12 
outside hazel hoops are to be not less than i inch in 
diameter of suitable size so as to fit the cask tightly, 
one hoop above and two hoops below each of the 
four steel hoops. Each hazel hoop is to be attached 
to the body of the cask by means of five nails if 
inch X 12 S.W.G. 6. The heads and bottoms 
of the cask are to be kept in place by means of 
two lining hoops, each not less than | inch dia- 
meter. Each hoop is to be firmly nailed to the cask 
by means of not less than fourteen If inch nails 10 
S.W.G. thick. One of these hoops is to be fixed 
under and one above the head and bottom of each 
cask. 7. The nails used in securing the outside lining 
hoops are to be driven so that the points strike and 
are turned against the inside of the steel hoops at 
either end of the cask. Steel nails are to be used 
throughout. All nails which pass through the staves 
into the interior of the casks are to be well clenched 
on the inside. 8. The casks are to be lined 
throughout with stout brown paper (Pattern 
No. 1194/1) unless otherwise ordered. 9. A 
sample cask, two sample sheets of brown paper, 
and two sample sheets of waterproof paper, are 
to be submitted at the time of tendering to the 
Superintendent, India Store Depot, accompanied 
by the attached form 153. Tnese samples, if 
approved, will be retained at the India Store Depot, 
and will govern the whole supply of casks and paper 
supplied by the Contractor under this Contract. 

10, The desoiiption of contents, net and gross 
weights, are to be marked on each cask, together 
with the addresses given in the schedule, and such 
shipping numbers and marks as may be given on 
the shipping orders issued by the Superintendent, 
India Store Depot. The shipping marks referred 
to are also to be shown in the column provided for 
the purpose in Eorm 214 (Shipping Details), in 
which must be clearly and separately stated the 
Quantity and description of contents of each 
package together with its shipping number. 

11. No marks of any kind other than those re* 


quired by paragraph 10 of this Specification are to 
be made upon the cask or on the lining material 
inside the cask, nor is any label or indication of 
brand or origin to be placed in or on the casks. 
The marking of casks or of lining material with 
the firm’s name or brand is prohibited, and casks so 
marked will not be accepted,” 

India Store Department Specification For 
Portland Cement : Pattern 1199. 

“ 1. The casks are to be made of sound, well 
seasoned fir, and are to be closely match-jointed 
or moulded as IS.D. Pattern Cask No. 1199. The 
staves of casks containing 400 lbs. of cement are 
to be not more than 3 inches wide and not less 
than I inch thick. The staves of casks containing 
200 lbs. of cement to be not more than 2i inches 
wide and not less than J inch thick. The heads 
and bottoms are to be made in four pieces matched 
together similar to the staves, and are not to be 
less than J inch thick. A cross-bar 3 ins. X J in., 
secured with at least four li inch nails (one 
through each piece) to be nailed across the centre 
of each head and bottom. The crossbars to be 
made the full width of the head. The ends are to 
be segmental in shape, tapered to not less 
than 3/lG inch at the ends, and are to pass under, 
and be secured, by the outer lining hoops. 
2. Each cask to be bound with six steel hoops 
1 inch wide by 21 S.'W.G. thick. The hoops are 
to be securely fastened together with two i inch 
• steel rivets, the heads of which are to be hammered 
down flat. The hoops to be firmly and evenly driven 
down so as to fit tightly over the entire circum- 
ference of the casks. The top and bottom hoops to 
be nailed through the staves with four 1 inch nails 
10 B.W.G. and each of the four intermediate hoops 
to be secured on the top edge with four coopers’ 
clips. 3. The heads of the casks to be kept in 
place by means of two hazel lining hoops of not 
less than f inch diameter. Bach hoop is to 
be firmly nailed to the cask by means of not 
less than fourteen If inch nails 10 S.W.G. thick. 
One of these hoops is to be fixed under and one 
above the head of each cask. The bottoms of the 
cask are to be placed in a groove cut for the purpose 
about ItV from one end of the staves. This 
groove is to be f inch deep and of suitable width to 
firmly hold the bottom boards. One outer lining 
hoop fixed with fourteen If inch 10 S.W.G. nails 
is to be used to secure the bottom on the outside. 
4. The nails used in securing the outside lining 
hoops are to be driven so that the points pass 
through the staves just below the steel hoops at 
either end of the casks, and are to be properly 
clenched on the outside. Steel nails to be used 
throughout. Ml nails which pass through the 
staves, into the interior of the casks are to be 
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well clenclied on fche inside. 5. The casks are to 
be lined throughout with stout brown paper 
(Pattern No. 1194/1) unless otherwise ordered. 
6. A sample cask of each description and two 
sample sheets of brown paper and two sample 
sheets of water-proof paper are to be submitted at 
the time of tendering to the Superintendent, India 
Store Depot, accompanied by the attached Form 
153 These samples, if anproved, will be retained 
at the India Store Depot, and will govern the 
whole supply of casks and paper supplied by the 
Contractor under this Oontraob. 7. The descrip- 
tion of contents, net and gross weights, are to be 
marked on each cask, together with the addresses 
given in the Schedule, and such shipping numbers 
and marks as may be given on the shipping orders 
issued by the Superiatendont, India Store Depot. 
The shipping marks referred to are also to be shown 
in the eolumu provided for that purpose in Form 
214 (Shipping Details) in which must be clearly 
and separately stated the quantity and description 
of contents of each package together with its ship- 
ping number. 8. No marks of any kind other than 
those required by para? of this Specification are to 
be made upon the cask, or on the lining material 
inside the cask, nor is any label or indication of 
brand or origin to be placed in or on the cask. 
The marking of casks or of lining material with the 
firm’s name or brand is prohibited, and casks so 
marked will not be accepted.” 

Weight And Other Particulars Of Portland 
Cement. 

_ welghSL. 2. A 

barrelV, cement weighs, net, 383 lbs. 3. A barrel 
of cement weighs, gross, 400 lbs. 4. A barrel of 
cement as supplied by the Director G-eneral of 
Stores weighs, net, 400 lbs. 5. A barrel of cem- 
ent contains by measure, usually 4’45 c. ft. 6. A 
barrel of cement as supplied by the Director 
General of Stores contains 4’65 c. ft. 7. It improves 
■it kept from moisfcm e. 8. ThaJ ongarJ^s 
’ rj^setting, the sk aiiga^-lLj^ll be.'^^.At the 
oTa ymr, 1 of cement to l of sa ..ojdJs 'iBdnt Ith 
strength of T ggsFTcem aDFTT^^ i strength ; 
I'lo’XlihSrirdr^ 4, ith : 1 to 5 about 
ith. 10. The cleaner and sharper the sand the 
greater the strength. 11. Strong cement is heavy, 
blue grey, slow setting. Quick setting cement Sas 


^ uick setting cement I 
in Ttis composition. 


brownish and weak. rA. ihe less wate r used m. 

Hxmg ubJihe ..jamRiit^ the'"’''bBtterrT17^rick3, 

use d witn cement sh’bul d be 
oakeq. i§. uemens sewinf' -wa^er will 

Fe stronger thanlf Blocks of brick- 

work or concrete should be kept in water until 
required for use. 16. Salt water is as good as fresh 
mi4ug cement. TT"" ~ — ’ 


Mortar. 

Mortar is a mixture, with sufficient water added 
to brings it to proper eoosistepoy^ of l./lima and 
9and^ 2f lime, sand and surkhijS.feemeDtted sanT/l 


When theingredleSs consist of jImFanTJand/ 
the mortar is called ‘ Lime mortar ,’ Ohunam 
mortar’ or ‘ Ohunam ’ (cfiunamls indiscriminately 
applied to lime as well as to the mortar). When 
they consist of lime, sand an d surkhi, the mortar is 
called I WEen sind and cement form 

the io^edients of the mortar it is called ‘ Cement 
mo^.' M ortar is used as a cementing material in \\ 
s’ topTand bincF msonryrind rgB^ of it? \ 
pla^ie prop^iesT^t affords an excellent bed for 
^one an? 5riok, preventing their ine'quiTiFies from 
bearing upofF 'iiiSaEEarralidTfm^^ 
distribution of pressure over thTFff d: ThTpaliTy 
of murtar de^nFi upon the description of materials 
used in its manufacture, their treatment, properties, 
and method of mixing. Qommon mo rtar made wjth 
pure lim e bardens slowly and only when in contact 
wjth the air. It is therefore unauftaW for damp 
iitaation'S", 'such as foundations, thick walls, or 
massive masonry of any description. In all such 
cases it remains constantly moist ; when placed in 
positions where it is able to dry, such as thin 
walls, or where the water evaporates too fast, it falls 
to powder. It should only be allowed for inferior 
or temporary work, or where very slow evaporation 
can be secured. Hydraulic lime should th erefor e 
always be usedjp mortar for work of aFy import- 
ahee'rFo'f ordinary Buildings not very muoS expoS, 
slightly hydraulic limes will suffice ; but for damp 
situations, such as foundations in moist earth, a 
more powerful hydraulic lime should be prepared 
while for subaqueous masonary, eminently hydraulic, 
cem ent will be necessary. THandisjis^ in 
for tEnakToreodbomy aFETio preven t 
excessive shrinkage! Grdmary sanSs are notTn 
any way eFemrcally acted upon by the lime, but are 
simply in a state of mechanical mixture. Neverthe - 
les s sand is a source of strength in fat lime mortar, 

for,^ by giving a porous structure to lEe mortar, itf^ 

enaFlei the*Farbonic acid'^of the air” to penetrate v 
further, and aoTupon a largeFporfcion of^e joints ' 
and again it has been found that the particlesmS 
lima a dhere BFtter to the surfaces of the grains of 
s and tha^hev do to one anotber. TherFis much 
difference of opinion as to what sand is best suited 
for mixing with lime. The general opinion of writers 
has been, t fiat pit sand is better than river sand, 
a nd sea sand Ts the worst. From the conflicting 
opinions on tBe subject of sand we may conclude : 
j,J.ajLThat in making ordinary mortar, our present ^ 
knowledge and experience would not justify any 
great expense, in order to procure sand of any par- 
ticular colour or grain, or from any particular 
source; but that, generally, sand either too 
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or fcoo fine should ba avoided 2nd. that for 
ordlla^ hulldlpgs w^bo ul d. irp Qssib!a^iiaejriver_ 
|■^oFpi^8aDd I d preto to sea sand ; bujjf 
savin|Ts^ecteQ by using the latter, we^ould cot 
besifcat ^o Io^.laIi DS~l¥e precEitioD't£ wash it 
"carTOly first ; Jrd- t£^!pLbjt^ rauiic buildi ngsl^-- 
^^Dgiia4iisi^ a s aDv,..otber ; Itb.jba t ip all 
cases it is wo rthwhile to take j3ains to clean the 
s^and before using it^br maia jure thlbllFis cleaDi 
ProJoiUon^'ingF^^ has been already 

stated that sand is mixed with lime to save expense. 
T^e proportion of sand which a lime will bear,” 
a ^it is oall^ Tiyhhcuit^ mofiaFFrittleTis 

mWe "'stroFlI ^Wrifi^^ i3.J ~^F^ hydrau- 

lic wbfls^rloundatioDs, equal proportions of lime 
and sand should be the limit allowed. The 
most common proportion in many parts of India 
arUi 1 part of lime to 2 parts of sand ; 1 part 
l ime, 1 part sand_^ 1 part smkW. In the P.W.D., 
mortaFconiTsting bf|F parFs oTsand, 1 part 8urkhi| 
and 2 pat ts lime is few “genefally used!S Mixing:! 


SpjeifjFinl S wkh[^^l 

Surkhi, lime and sand after having been screened i 
separately through a sieve cf 144 meshes to the j 
square inch should be spread over a well-laid clean 
platform one over the other in the proportion of I : | 
2: 3. T hese should then be mixed drv three times 
over. The whole should then be made into a paste 
by the addition of water ; afterwaids it should be 
well ground in a mortar mill each filling receiving , 
not less than 60 turns of the mill or more if neces- 
sary, to incorporate the ingredients thoroughly, The 
mortar should in no case bedeposited on the ground. 
It should be used as soon as possible after it has 
^een groun d. It should be kept damp in the shade 
or covered ufiJjJljaaed, and if it has become set or 
^hardened it should be considered unfifcloFuse and 
should be removed from the wmk. T 


and 2 patts lime is how “gehefally used!S Mixing: 
Th^rgreaT^jeotTu mixing is to thoroughly and 
intimately incorporate the sand and the lime, so 
that no two grains of sand should lie together 
without an intervening layer of film of lime. The 
ingredients may be mixed by hand or in a pug-mill, 
or under a wheel, or stones revolving on edge. The 
heap of slaked lime covered with sand is roughly 
turned over with a pbara, or a shovel, and thrown 
into the mill, enough of water being added to bring 
the mixture to the consistency required. When 
the ingredients are thoroughly mixed and ground 
together, the mortar is taken away by the labourers 
for use on the works. On applying mortar : In 
applying mortars it is necessary to remember the 
following points :— 1st, That with regard to 
hydraulic limes, the presence of moisture favours 
the setting process which is prematurely stopped, 
if the moisture be suddenly withdrawn. Dry 
bricks and most stones absorb a large proportion 
of moisture. To prevent this it is therefore of the 
utmost importance that the materials to be im- 
bedded in such mortars, should be thoroughly 
soaked so that they cannot absorb the moisture 
from the mortar ; and also in order to remove the 
dust from their surfaces, which would otherwise 
prevent the mortar from adhering. 2ndly. It is 
also necessary in order to prevent the too rapid 
drying of the mortar, after it has been applied, that 
work should be kept well watered, or at least damp, 
for sometime ; and this is, of course, especially 
necessary during tbe hot season. Even in the case 
of fat limes, the presence of moisture for a certain 
time is useful, for it enables them more readily to 
absorb carbonic acid from the air.^ 3rdly, That tbe 
mortar should be as stiff as ean’ie used without 
moonYenience, . 


C ement Morta r. 

I The sand used with tbe cement in making mortar 
j is commonly directed , to be clean, sharp, silicioua 
sand . Mortar made with a coarse grained sand Us 
"~ strohgerlEan one madTwitb_ajg.erv fine san d ; but 
unsifted sand maieFnearly as strong mortar as tbe 
.coarsest. The usual proportion of cement mortar is 
( 3 of sand to 1 of cemenU Eor special works, mortar 
ID proportions of 2 sand and 1 cement or 1 cement 
and 1 sand or neat cement is employed. Cement 
mortars are weaker than neat cement, probably be- 
cause the adhesion of the cement and the sand is 
less than the tenacity of the cement. The larger tho 
proportion of tbe sand tbe weaker the morto. It 
appears that even with a proportion ot 1 cement to 
3 sand, the whole of tbe interstices of sand cannot 
be filled with cement, and as the proportion of sand 
increases, the proportion of unfilled space must 
increase and therefore there must be less section 
I to break. 

* Specifying Cement Mortar. 

All cement must comply with the usual tests and 
must be up to tbe English Standard Specification. 
The ce ment and sand should be measured o n a 
cipan, dry platform and laid in layerT^ 
other in the proportioDS specified and"" mixed dry 
three times o^ J he sa^ used shouIdTeperSctly 
’ dry andlfTee from impurities of any sort and water 
is to be added to the mixture, only when the 
mixture is required for use, and then again only 
sufficient quantity to make the material moist and 
not profuse enough to drown the cpimflnt,, AIL^ 
cement mortar to which water has been added to 
be used within one hour after adding. 


Mastic is the name given to a mixture of natural 
asphalt, sand and bitumePi melted and run intp 
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moulds. Aspbalfcs are combmafciODS of bitumen 
and calcareous matter sometimes found in nature, 
sometimes formed artificially. Natural asphalts 
are superior to artificial imitations, probably be- 
cause in them the bitumen is more thoroughly 
incorporated with the limestone or other calcareous 
matter. In the preparation of mastic, mineral- 
pitch (bitumen) must be used, not coal-tar pitch, 
the latter is brittle, easily softened, and weak. 
Goodjnastio should be waterproof, fireproof, toujgh, 
notJrit-tljfc^iUd^'to sbnie' extent., elastic It should 
withstand a temperature of from 140° to 160“ F , 
without softening to any appreciable extent, and 
should not become so fluid as to run down below a 
temperature of 260° F. It is easily applied, and 
can therefore be used for many purposes in Engi- 
1 neering. It is an admirable material for thj^ 
I damp-proof courses of walls, also as a water-proof 
! layer dvef arches or flat roofs, or for lihingliffi^j^ 
It is used for. floors., that.. require a.. .very,, smooth 
surface, also for those that have to resist damp, as 
wareEouses and godowns. When spread and~ 
brought' fcb'a smooth surface It wears well in foot- 
paths, and makes substantial and almost noiseless 
carriage-ways, but is very slippery in damp weather. 
It is also used for the joints of pavements of stone 
and other materials, and prevents the penetration 
of wet, but makes such pavements more noisy. 
There are two principal methods by which mastic 
may be applied .to^a surface : (1) by being melted, 
s^o triiS aoeTan^ 

“l^JeiDg ground to powd^, spread, anOons'oii- 
daQTyTammmg(‘‘''TJflTr^^ the first is 

thFmore^obvetrien’t in many positions, but mastic 
laid as compressed powder appears to be the most 
durable under considerable wear as in carriageways. 
In all cases, however, mastic should be laid on a 
good base of concrete or other solid material. 
When the surface is at a slope exceeding about 1 in 
10, the asphalt is apt to run if exposed to the sun, 
unless a good key can be obtained. 


Plasters, 

Materials used in Plasters ; Limes, Pure or Fat. 
are generally used for the sake of economy ,^ as they 
increase in bulk during the process of slaking ; they 
are also safer as regards blowing or blistering. 
Hydraulic limes are better adapted for outside 
plastering. When used, however, they require 
‘speciiraention to prevent blowing. In all cases 
where lime is used it should be thoroughly slaked, qr 
it Will throw out bjislexs. -after being spread. For 
this reason, plaster^tiiff is generally made long before 
it is required, and left for weeks to cool Portland, 
Cement ii jmushjisLii for extern aljkslpxiiijg. The 
lighter varieties sere tho8e'‘Besn3^ed for the 
purpose. They set more quickly, and thus save 
expense not only in their first cost, but also in the 
labour of the plaster. Sand is used in 
ike of econom 

^ ‘ ^i^eTsandlilBesc agaocea for this nurposA ; 

it is noFso'sHarp'wTngular as pit sand, the grains 
having been rounded and polished by attrition. Sea 
sand, like river sand, is deficient in sharpness and 
grit from the same cause. It is, however, well 
suited for mixing plaster, if care is taken to have it 
thoroughly washed before mixing. If this is not 
done the plaster is liable to contract damp after 
being spread. 

Water For Plaster. 

ir used for mi , like that used 

mortar, should be clean and 

or salTwater is obi6ntinrrah]flfl,a it causes damp and 
efflorescence on the walls. Outside plaster in this 
country differs veryli® in its nature from the 
ordinary mortar used in building. As, however, 
less strength is required of plaster than of mortar, 
it is usual to mix a larger proportion of sand or 
surkhi with the lime. The presencQ.-j olJ;he4iand 


Glue. 

For commercial purposes glue is generally pre- 
pared from a variety of animal substances, but 
chiefly by dissolving the more soluble portions of 
tbe..gelatinou 3 ti ssue of mam malian animals . The 
softer parffof the Ede andbtEerpaS*of the animal 
are digested in a large boiler, and when the jelly 
thus formed is of the proper consistency, it is drawn 
off into moulds, allowed to consolidate, out into thin 
slices or sheets, and finally dried on netting. For 
use, these sheets are broken up into small pieces 
for facilitating their action, and soaked in water for 
some hours before using. The soaked glue is heated 
in a glue pot with sufficient water to make it liquid 
enough for application with a brush* 


Stucco. 

The name- Stucco is given to various substances 
which differ considerably from one another. It 
is applied to compounds of hydraulic lime used for 
external work, to mixtures of lime, plaster, and 
other materials for forming smooth surfaces on 
internal walls, chiefly those intended to be painted, 
and to a kind of plaster workd to resemble marble. 
GQPa3iiom--Sfeu ^ consists off three parts of sharp 
sand to one nartdTKvdranliff^ It was much 
useTat one time for outside waH plastering, but 
of late, it has to a great extent been superseded by 
some of the cements already mentioned. Madras 
Cbjui ain is a very fine atnccoT It is laid on in 
three coats. The first consists of shell lime and 
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sandf, to which is added a small qaanfcity of jaggery 
water (solutioQ of coarse sugar). Toe sesoud coat 
is made of sifted shell lime and fiae sifted white 
sand, without jaggery. The third coat, which 
receives the polish, is prepared with great care, the 
finest and whitest shells being selected for the lime, 
and mixed with from 1/4 to 1/6 their volume of the 
finest white sand. The ingredients of the second 
and third coat are ground with a roller on a granite 
bed to a smooth uniform surface resembling white 
creana. In about every bushel of this paste are mixed 
the whites of 10 to 12 eggs, 4 lb. of ghee (clarified 
butterj'i and a quart of dahi (sour curded milk), to 
which is occasionally added frc^pa i to i lb. of pow- 
dered soapstone, which is said to improve the polish. 
These ingredients vary according to the opinion of 
the builder. The essentials in addition to the lime 
and sand would seem to be the albumen of the eggs, 
^nd the oily matter of the ghee, for which oil is 
sometimes substituted. The last coat is laid on 
exceedingly thin and before the second is quite dry. 
It dries speedily, however, and is afterwards polished 
by rubbing it with a piece of soapstone. Water 
continues to exude from the plaster for several days, 
which must be wiped off. 

Paints. 

„ aints are used no preserve materials f rom the 
action of heat, gases, moisture, and als o to imr 
their appgarai rcB. There is in the market a great 
variety of ready mixed paints. These paints, if of 
approved specimens, are certainly more satisfactory 
tnan any local preparation of paints. Tor large 
works, the paints required are obtained by indents 
on the India Office. The paints are supplied by the 
India Office in 56 lbs, or 28 lbs. drums net ; the 
thinnings can be had in 1 gallon or 5 gallon drums 
net. The market forms of materials for ordinary 
lead paint are white lead in small casks, linseed oil 
in drums, patent driers in tins, powder colours in 
casks. The white lead is first ground on a stone 
muller mixed with raw linseed oil to a uniform 
paste. The colour is then added and the mixture 
is then worked up with more oil and turps. The 
mixture should be of a uniform consistency like a 
thick cream and should be freed from lumps, scum, 
dirt, etc., by straining through canvas, if necessary. 
Before use it is thinned with oil and turps called 
thinnings and driers are also added. Linseed oil 
is raw or boiled. The raw oil should be limpid, pale, 
brilliant, mellow and sweet to the taste and with 
very little smell and is used for inside work. Boiled 
oil is thicker and more darkly coloured than raw 
oil and is used for outside work. Litharge, sugar of 
lead, red lead or Japan varnish are used as driers. 
Yarnishes. 

Varnishes are used either to brighten the appear- 
ance of the grain in wood or to render painted sur- 


faces more brilliant or to protect them. Gopal 
Varnish, Black and Brunswick black varnishes are 
available in 1 imperial gallon tins. Soma inferior 
varnishes are available in 5 imperial gallon drums. 

Weights In lbs. Of Various Materials, Etc., 
Per Cubic Foot. 

Asbestos starry, 191 ; Asphaltum, 57 ; Basalt, 
178 ; Bricks, 118 ; Fire bricks, 137 ; Bricks (press- 
ed) in cement, 135 ; Brickwork in mortar, 112 to 
125 ; Clay, 120 ; Olay with gravel, 154 ; Coal, 
anthracite, 90; Coal, 82; Concrete-mean, 124; 
Concrete, reinforced, 150 ; Chalk, 121 ; Ooka, 90 ; 
Charwood, 32 ; Dealwood, 40; Earth, common soil, 
136 ; Earth, loose, 93 ; Earth, moist sand, 123 ; 
Earth mould, fresh, 128; Earth, rammed, 100; 
Earth, rough sand, 120 ; Earth, with gravel, 126 ; 
Iron, 378 to 467 : Granite, 165 ; Gravel, common, 
109 ; L’me, hydraulic, 171 ; Lime, quick, 50 ; Lime- 
stone, 193 ; Marble, 169 ; Mortar, 86 to ] 09 ; Mud, 
102 ; Paving stone, 151 ; Plaster, 106 ; Quartz, 166 ; 
Bed lead, 557 ; Sand, coarse, 112; Sand, common, 
104 ; Sand, damp and loose, 87 ; Sand, dried and 
loose, 97 ; Sand, silicious, 106 ; Sal, 62 ; Shingle, 88 ; 
Teak, 42 to 52 ; Trap, 169. 

Excavation. 

" In excavating foundations for buildings care 
- should be taken that the sides of the excavation 
are plumb, as far as possible. The heights at 
which different soils will retain a vertical face in 
excavations without falling in are : Clean dry sand 
and gravel up to 1 foot ; moist sand and ordinary 
surface mould from 1 to 3 feet ; loamy soil, well 
drained from 5 to 10 feet ; ordinary clay from 9 to 
12 feet. Chalk and rock will stand perpendicular 
or with a slope of i to 1 height. The foundation 
should be excavated to the exact width and depth 
shown in the plan. Before work is commenced, 
the bottoms of the excavations must be accurately 
levelled, well watered, rammed and consolidated. 
If the excavation is done to a depth below the 
required level, this depth should be filled up with 
concrete. The excavated earth should be thrown 
not less than 3 feet from the outer edge of excava- 
tion, When foundation masonry is finished, the 
excavation should be filled in to the height of the 
original surface with earth, brought back from 
where it was temporarily deposited in regular layers 
of not more than 9 inches in thickness. Each 
layer should be carefully rammed and consolidated, 
by the addition of water if necessary. When 
earth is excavated for forming embankments of 
tank bunds, etc., provision should be made for 
difference in the spaces occupied by the soil before 
excavation and after it is settled in embankment. 
The shrinkage of the different soils is about as 
follows ; Gravel, 8 per cent ; gravel and sand, 9 
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cent; clay and clay earths, 10 per oent; loam 
and light sandy earths, 12 per cent. ; loose vegetable 
soil, 15 percent ; puddled clay, 25 per cent. Eock, 
on the other hand, increases in bulk by about 50 %. 
Thus an excavation of clay of 1000 c. ft. will form 
only 900 e. ft. of embankment. A rock excavation 
of 1000 c. ft. will, form an embankment of about 
1500 0 . ft. depending on the size of the fragments. 
'The natural slopes of the different soils are : clay, 
dry, 1*8 to 1 ; clay, damp, well drained, 1 to 1 ; clay 
wet, well drained, 3*5 to 1 ; earth, dry, I'S to 1 ; 
earth, moist, 1 to 1 to '87 to 1 ; earth, very wet, 3‘27 
to 1 ; earth punned, 15 to 1 to *28 to 1 ; gravel, 
clean, *9 to 1 ; gravel, with sand, 2 to 1 ; sand fine, 
dry, 1*3 to 1 to I'G to 1 ; sand, wet, 2 to 1 ; sand, 
very wet, 1*6 to 1 ; shingle, loose, 1*2 to 1 ; peat, 
4 to 1 to 1 to 1. 

Concrete. 

Oonorete is an artificial compound, generally made 
bylnixing lime or cement with sand, waterTa^ 
"some hard material su^ as broken stone, gravel 
bits of farickTslag, i n various nronortions as reauired'i 
ITEese mgreciiencrshould be thoroughly mixed and 
allowed to harden so as to form a sort of conglome- 
rate. The lime or cement, sand, and water combine 
to form a lime or cement mortar in which the hard 
material is imbedded so that the result is a species 
of very rough rubble masonry. The rubble or broken 
mSeriai is 80l3Uti'm'BB;1jSr" sonvenienoe, ^called the 
aggregate and the mortar in which it is encased, the 
matrix. Beton is a name given by some authors to 
any concrete mada~with~gvarMg^n^^ 

srirdiMmction is made between the two, 
concrete being the name given when the materials 
are all mixed at once, and beton when the mortar is 
made separately. Practically, hov^yer the word con- 
I crate covers any form of artificial conglomerate.. The 
^matrix; The lime' or cement, sand, and waters 
should be so proportioned that the mortar resulting' 
from their mixture is the best that can be made : 
from the materials available, Concrete should not ! 
be made from rich limes, unless such as are im- * 
. proved by being combined with pounded brick, &c. 
If, however, circumstances compel the use of rich 
lime, it must be reduced to a fine powder by slak- 
ing or grinding, and be evenly sifted through a very 
fine 'sieve, then mixed with a proper proportion of 
aggregate and wetted, not over-much, but suffi- 
ciently for its complete conversion into a hydrate. 
In some cases, the mortar is mixed separately, just 
‘ as if it were to be used in building brickwork or 
masonry, and then added to the aggregate, Hy- 
^^ulic^ Umes are best adapted for concrete purposes 
in nearly airsituations..,. Eminently hydraulic limes 
shoilldr ba' USQd for concrete foundations in damp 
places, and, in the absence of cement, for subaqua- 
QHS tork of any kind. ; They also require to be re- 


duced to a fine powder by grinding and slaking, and 
passed through a No. 40 sieve. Such finely powder- 
ed lime can be kept for a long time if packed in 
well made paper-lined barrels, so as to exclude air 
and if kept dry. 

Cement Concrete, 

Portland cement concrete is adapted for all 
positions, especially for work under water, or where 
great strength is required ; also in situations where 
the concrete has to take She place of stone as in 
facing to walls, coping, ’ & 2 . The aggregate is 
generally composed of any hard material that can 
be procured near at^and, or in the most economical 
way. Almost any hard substance may be used 
when broken up, such as stone, slag, brick, If 
there is any choice, preference should be given to 
fragments of a somewhat porous nature, such as 
pieces of brick or limestone rather than to those 
. with smooth surfaces as flint or shingle, as the 
former offers rough surfaces to which the cementing 
’material will readily adhere. Size and shape : The 
aggregate should be broken into smaller angular 
pieces so as to pass through a ring li to 2 inches in 
diameter. Experiments show that the best results 
are produced when the size of the pieces is a 
minimum. With regard to shape, angular frag- 
ments are generally preferable to rounded pieces ; 
the former fit better into one another and slightly 
aid the coherence of the mortar, forming a sort of 
bond, while the latter are simply held together by 
the tenacity of the cementing material. Again, 
the size of the pieces of which the aggregate is 
formed, influences the contents of the void space 
between them ; it is therefore necessary to adjust 
the proportion of lime and sand, so that no vacuities 
will occur in the mixture. Unless the mortar is of 
such a description that it will attain a greater hard- 
ness than the aggregate, the object should be for 
the concrete to contain as much broken material and 
as little lime as possible. A cubic yard of aggregate 
f of an average size of 2 inches contains nearly 11 
■ cubic feet of voids, and a cubic yard of shingle con- 
tains about 9 cubic feet of voids. A mixture of 
stones of different sizes reduces the amount of voids 
and is often desirable. The contents of the voids 
in any aggregate may be ascertained by filling a 
water-tight box of known dimensions with the 
material, and measuring the quantity of water 
poured in so as to fill up all the interstices; 
or by weighing a cubic foot of the aggregate and 
comparing its weight with that, of a cubic foot of the 
solid stone from which it is broken. Proportions of 
. ingredients : The best proportions for the ingredients 
of a ednefete to be made with any given materials, 
may easily be found by trial in each case, by find- 
ing the contents of the voids in a cubic yard as 
above. In practice, however, a little more mortar 
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than is actually required to fill the voids is added in 
order to compensate for imperfect mixing. There 
is a great variety in the composition of concrete 
used by different Engineers under various circum- 
stances. If hydraulic lime is used the proportion 
of ingredients may be estimated as varying from 
1 volume of aggregate and 1 volume of mortar, to 2 
volumes of aggregate to 1 volume of mortar. For 
Portland cement concrete the usual proportions 
are 1 cement, 3 sand, and 6 .broken stone ; and 
under water the conereta usually consists of 1 
. Portland cement, 4 to 6 of broken stone and sand, 
the larger proportion of cement being necessary in 
order to make up loss by seofr. Laying : After 
mixing, concrete should be carried to the place 
where it is to be laid, gently tipped into position, 
and carefullv and incessantly rammed in layers of 
from 6 to 12 inches in thickness. The old practice 
of tipping concrete from a height is now abandoned. 
It was attended with injury to the mixture from 
the tendency of the heavy and light portions sepa- 
rating while falling, and thus leaving the concrete 
not uniform throughout its mass. Each layer 
should be left till it is perfectly set before another 
layer is put upon it. And it is essential that the 
layer should be horizontal ; if not, the water trick- 
ling off will carry the cement with it. Each layer, 
after it is thoroughly set, should be carefully pre- 
pared to receive the one that is to rest upon it. 
Its.surface should be carefully swept clean, wetted, 
and made rough by means of a pick. This is 
specially necessary if it has been rammed, for in 
that case the finer stuff in the concrete works to 
the top and also a thin milky exudation, which 
will, unless removed, prevent the next layer from 
adhering. Joints between the layers are the most 
important points to be attended to in concrete. 
When the proper precautions have not been taken 
. they are found to be sources of weakness, like veins 
in rooks, and the mass can easily be split with 
wedges. When there is not time to allow each 
layer to set before the eoneretipg is continued, it is 
better to ram it as quickly as possible, and, before 
it is set, to add the layers above it. Anything is 
better than to allow the layers to be disturbed by 
ramming after they have commenced to set. When 
concrete has to be laid under water care must be 
taken that it is protected during .its passage down 
to the site of deposit, so that the water may not 
reach it until it is laid. This protection is afforded 
sometimes by shoots, by boxes, or by skids, which 
can be opened from above when they have reached 
the spot where the concrete is to be deposited so as 
to leave it there. A similar method has been 
followed in filling the well- cylinders forming the 
piers of many of the Bailway bridges in this 
country. Sometimes the concrete is filled into 
bags and deposited without removing the bags, 


Concrete is also made into large blocks. These 
are allowed to set on shore, and afterwards carried 
and deposited at‘the site. 

Use Of Concrete. 

Concrete has long been used for the foundations 
of structures of all kinds, and for filling in the 
spandrels of arches, or the hearting of wails ; and 
engineers have looked upon such works as the only 
legitimate field for its use. But of late years, from 
a better knowledge of its properties, and from the 
fact that more reliance can now be placed on the 
composition of’the cement used' in its formation, 
concrete has been used for many other purposes. 
Whole buildings are now constructed of concrete ; 
sea and wharf walls and even piers and arches of 
bridges. Concrete may be used either by making 
it in moulds into great artificial blocks of stone, and 
using them as ordinary large stones as in masonry ; 
or monolithic walls may bo built of fresh concrete 
rammed tight between frames. 

Specifying Concrete. 

Sand to be used should be moderately coarse in 
texture, clean and have angular grit and should be 
entirely free from loam," clay, dust, and organic 
matter or impurities of any description whatever and 
must, if necessary, be washed. Cement must ha 
fresh, uncaked and finely ground and must be up to 
British Standard Specification. Broken Bricks : 
For concrete the bricks should be broken to pass 
through li inch ring in any direction, ie,, the 
maximum dimension or diagonal must not exceed 
li" ; the muddy particles and fine dust should be 
removed by screening and washing ; the impurities 
must also he removed. Vitrified brick, if available, 
is preferable to ordinary brick. The broken bricks 
should be well wetted with wa^er, then turned over 
and allowed to drain, before being used for con- 
crete. On no account should underburnt brick be 
used.? Broken Stones: The stones should be broken 
to pass through li" ring in any direction, ie,, the 
maximum dimension or diagonal must not exceed 
li" fthe stone shall be clean, hard, of cubical struc- 
ture as far as possible and free from all impurities. 
Partieles^smaller than i inch and flat chips should 
be screened out and sbould not be used in the aggre- 
gate and with the sizes of the remaining coarse 
stone varying from small to large, the coarsest pre- 
dominating. The stone should be washed and all 
impurities, muddy particles and fine dust must be 
removed ; it should be well wetted with water and 
turned over to drain before being used for concrete.. 
Concrete to consist of an aggregate of clean broken 
atone'or brick of a moderately porous nature, ad- 
hered by a matrix of either cement or lime mixed 
with sand in such proportions as ordered. The aggre^ 
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galie and tbe matrix should be in such a ratio as the 
Engineer shall deem fit to suit the circumstances of 
the case. No more concrete should be mixed than can 
be laid in position on the day of mixing. When Port- 
land cement is used, the concrete must be laid im- 
mediately after mixing. The matkials after having 
been properly gauged, the materials forming the 
aggregate will be laid out on a clean platform with 
even depth throughout and covered over by the 
cement or mortar as the case may be in the 
proper proportion and the whole turned over thrice 
in the dry state and should be ridged around a 
central cavity prepared to receive the water; The 
water should be applied from a watering can with 
a rose and the ingredients should be turned over 
under the spray, so that each and every portion of 
the mixture may receive a due proportion of water. 
Water must not be thrown on to the concrete from 
buckets or chatties. Attention should be paid that 
the quantity of water used, while not profuse 
enough to drown the concrete, should be just 
plentiful enough to act as an efficient intermediary 
between every particle of the aggregate and every 
particle of the matrix. The concrete when wet 
should be turned over not less than four times and 
may be turned over offcener if considered necessary 
for proper incorporation. Concrete should be laid 
in the work in layers not greater than 6 inches in 
thickness and it should not be thrown from a 
height, as the larger and heavier portions thereby 
become separated from the matrix ; it is to be well 
worked against the sides of the trenches and the 
whole must be well rammed, properly levelled, and 
brought to an even creamy surface. Concrete 
should, on no account, be rammed after it has 
commenced to set. Where concrete face has 
hc^come dry and a further layer has to be added 
thereon, such surface should be thoroughly washed, 
and should be well wetted previous to the applica- 
tion of the new layer so that the two layers may 
combine into a homogeneous whole. The concrete 
whilst setting should be tested from time to time 
by picking up smallportions to ensure that a proper 
set has taken place. If interstices occur on the 
surface of a layer they must be filled in with thin 
mortar before the next layer is laid. The concrete 
should be kept wet for at least seven days after 
it has been laid by means of a watering can with 
rose attached. 

Reinforced Concrete. 

Reinforced concrete, ferro concrete, armoured 
concrete, or baton frett^eto., is the name given to 
a class of concrete introduced within the last few 
years. Iron rods or bars are inserted in suitable 
positions in concrete forming a practical and 
economical combination of concrete and steel, the 
Idriner materia! being utilised resist the compres- 


sive stresses, with the necessary steel bars embed- 
ded at the points where tensile stresses occur. 
In ferro-conerete work good workmanship and 
materials are essential. The cement used for 
concrete of this description should be the best 
English Portland Cement. The quality, testing 
and mixing of the materials, the sizes and positions 
of the reinforcements, the construction and re- 
moval of centerings and lastly the laying of the 
material in place and the thorough punning of tbe 
concrete to ensure solidity and freedom from voids 
demand high class labour skilled in this method 
of construction in addition to very careful super- 
intendence of Engisseers. When reinforced eoneretev 
is allowed for foundations, tbe usual specification! 
for this work ' fs as follows : Tbe stone jellyl 
should be such as pass through a sieve of f'f 
mesh and the concrete mixed in the same mahnef*^ 
as specified for cement stone jelly concrete. The 
percentage of reinforcement should in no case be 
less than ‘5 of the section of concrete used. The 
expanded metal sheets should overlap at least 
3" and all the joints carefully tied with wire 
and the sheets should break joints if laid in two 
layers as also at tbe corners of the buildings. The 
first course of concrete should he laid, then the 
expanded metal after the first layer is levelled; 
then the next layer and so on as provided in the esti- 
mate or otherwise specified by the Engineer. Tbe 
concrete should be rammed only after it is fully 
laid, so that it may form a bard block, the expanded 
metal a,dhering to the concrete. With regard to 
other particulars, the work should be carried out as 
for laying cement stone jelly concrete! The cement 
should be fresh, uncaked and finely ■ ground and 
should stand all the standard tests. 

Description Of Brickwork. 

Brickwork construction is classed first class when 
it is built of table moulded bricks, 2Dd class when 
it is built with ground made bricks of first class 
quality specially made for it and 3rd class with 
sound ground made bricks available locally. In 
practice, brickwork is classified under the follow- 
ing heads depending on tbe character of bricks and 
the mortar used: (l) Sun-burnt brick in olay.„, 
(2) Country, 2nd sort, brickwork in clay. (3) Country 
Ist sort, brickwork in clay. (4) Country, Ist sort, 
brickwork in chunam,. (5) Country, Ist sort, 
brickwork in surkhi. (6) Country, 1st sort, bricL 
work in cementi (7) Table- moulded brick wdrk in 
chunam. (8) Table-moulded brickwork in surkhi. 
(9) Table-moulded brickwork in cement. 

Bond In Brickwork. 

Bond in brickwork is the arrangement of the 
bricks in such a manner that continuous vertical 
joints are avoided and the bricks in one course coyer 
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the joints of the bricks in the adjacent course. 
English and flemish bonds are the two classes of 
brickbonds. These two classes of bonds are illustra- 
ted in plate 11. The English bond consists in laving 
all headers in one course showing on face over one, 
two, thr^or jour stretcher courses . Bricks M 
(length wise^tolTw all are ealled|stretcberS those ] 
firansverse^lare callelfbeaders.) Each ^boi^ntal 
Hayer is called a coarse. ' fl emish bond consists of 
alternate headers and stret^ers in every Gourse^ 
thaT Ts. each course contains j}oth headers and 
stretche rs, the headers of one course being central 
between the stretchers of the adjacent courses. 

Specifying Brick iff Mud. 

The execution of work in bond and other details 
to be as for country bricks in surkhi mortar but laid 
in mud. T he mud used should be unm ixed 
p urities, should be tampered, if p 
proportion of sand to be added as re{]nir^ The 
mud and sand should be worked down with water 
and puddled till it is perfectly free from lumps and of 
the consistency of thick paste, 

Specifying Brick In Chunam. 

The execution of work in bond and other details 
to be as for bricks in surkhi mortar but laid in 
chunam mortar usually consisting of 2 of sand and 
1 of chunam. ~ 

Specifying Country Brick In Surkhi. 

Bricks should be of dimensions approved by the 
Engineer, siy (8f"x4i"Xl|"). They should be 
of uniforin.-eize and eolohr, well burnt and well 
shaped. The bricks are to be well soaked in water 
before use on works. They must not absorb more 
than 15 per cent, of their own weight of water after 
having been submerged for 24 hours. The method 
of procedure and the points to be observed are the 
same as in the ease of table moulded bricks except- 
ing that joints may be^allowed to a tbickDe^8__noi 
exceeding I a n inch, * 

Specifying Table-Moulded Brick In Surkhi 
Mortar. 

Bricks are to be hard, squarely shaped, well burnt, 
even in size and of the best quality. Bricks for facing 
should be carefully selected for their evenness of 
colour and face and the visible arrises must be un- 
damaged. The bricks should be soaked in tanks or 
tubs at least 24 hours before being used except when 
the mortar is of fat lime and sand. As work proceeds 
it will be kept thoroughly wetted until the mortar 
has set firm and hard which will be from 15 to 30 
days. On closing the work for the day small ridges 
of mortar, li inch high will be set all round the 
upper surface of the masonry and filled with water 
which will be left to soak in during nights. On 


Sundays and holidays they must be kept continu- 
ously filled with water, The bricks should be laid 
flash in mortar, every course should be thoroughly 
grouted and no bats or half bricks should be used 
unless where absolutely recessary as closers to 
complete the bond. All joints to be thoroughly 
flushed up as the work proceeds unless plain 
struck joints are specified ; in the latter case the 
specification for plain struck joint must be followed. 
The bed joint should not exceed f" thickness; 
the height of four courses of brick work should not 
exceed the height of the same bricks laid dry by 
more than ll". All horizontal joints should be 
straight, level and even and all faces to walls should 
be worked true and plumb. The wall should be 
carried up at one uniform level throughout but 
where breaks are unavoidable they will be made 
in good long steps so as to prevent cracks 
appearing between the new and old work. In any 
case no part of the wall should be left more than 
three feet lower than the other. Bound pillars should 
be built of quadrant-shaped bricks and when they 
are of considerable height, fiat circular discs of stone 
of the same diameter of the pillar and about three 
icehes in thickness should be introduced, so that 
every pillar has two discs, i.e., a pillar of 12 feet high 
should have one disc at 4 feet and another at 8 feet, 
from the ground level so as to ensure a proper 
bond. The exterior facing should be pointed with 
a neat weather joint ; all internal walls excepting 
those otherwise described to be left rough for 
plaster. Mortar as stiff as possible must be used on 
brickwork. 

Specifying Brickwork In Cement. 

The cement and sand to be mixed dry in the proper 
proportions and water in sufficient quantity to form 
a stiff paste to be added only when the mortar is 
being used. All mortar to which water has been added 
to be used up before work is stopped. All finished 
portion of the masonry works to be left flooded 
after the day’s work. The bed joints not to exceed 
1/4" in thickness unless used to bond with brick in 
mortar used alongside. Execution of work in bond 
to be the same as for brick in mortar^/ 

Description Of Stone Masonry, 

Generally stone masonry is olasspd as (1) random 
rubble, (2) _ooursed rubble and ( 3) asbl^ . ^In 
pra^e, th^differenb classes of stone^masonry 
are: 1. Laterite stone in clay, o bunam, surkhi, o r 
nement . 2T' BaMtmr*rttbble in cTiyT cbunam^r 
surkhi. 3, Gbursed rubble, 3rc[ sort, in clay . 
" oEupam, surkhi or cement. 4. Coursed rubble, 2nd 
sort, in chunam, surk bi or cements 5 . Gours^ 
^bble, Ist'lortT^iH^hTinam/ surkhi dPcemehC^ 
fiTAshlar, perfectly iquafed blocks set in ohunam7 
surkhi, or cement. In plates 12 and 13 are 
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illustrated some classes of stone masonry. In 
some cases, walls built of bricks, rubble oL imnerete 
ar e faced with asbla r. (see figs. 32 and 33 in plate 
13]^ TEe n^tbods ~ of construction will be found 
detailed under the different heads. 

Specifying Laterite Masonry. 

The stone should be the best procurable, free 
from any admixture of white earth. If possible, it 
should be dug from tbe quarry sometime before use 
and be allowed to harden before being placed in 
the work. The stone should be quarried true and 
square to the sizes ordered. The least thickness of 
stones should be 7 inches and the breadth of stones 
should not be less than the thickness and the 
length not less than twice the thickness. The stone 
should be laid in the work header and stretcher alter- 
nately and arranged to break^joint at least 3 inches. 

Specifying Random Rubble Masonry. 

Every stone should be carefully fitted so as to 
form neat and close joints. Joints not to exceed i 
inch in thickness. The stones should be roughly 
hammer-dressed and uniformly coloured and of 
prettv equal size on tbe face. They should be care- 
fully laid and solidly bedded in mortar, and should tail 
back and bond well into the backing and should not 
be of greater height than either breadth or face, or 
length of tail into the work. One header or through 
stone should be inserted in, at least,' every square 
yard of the face and should run right through the 
wall if not more than 2 feet thick ; if more than 
2 feet thick, a line of these should be laid from face 
to back which shall overlap each other at least six 
inches. Tbe stones should be arranged to break 
joint as much as possible, and long vertical lines of 
jointing should be carefully avoided in the face work. 
In the case of thick walls, the filling between 
the face stones should be with large stones, and not 
with small chips of stone, even if they are slightly 
thicker than the height of the course. Stones, should 
be thoroughly wetted before being laid in the work 
and for which each mason should be supolied with 
a vessel for wetting stones. The proper watering 
of all masonry should be carefully attended to. 
Tops of walls to ba built up to the upper surface 
of battens so as to leave no snaee for rats. Plinth 
offsets on the interior faces only should be kept at 
least 6 inches below floor level to allow of the pav- 
ing fif any) coming up to the face of the super- 
structure and to prevent cracking of the pavement, 
over tbe offsets. As paving is done subsequently, 
this point should always receive attention. 

Specifying Coursed Rubble Masonry, Srd Sort. 

In each course, headers, hammer- dressed of the 
entire height of the course, are to he placed 5 feet 
apartj each header to be of a breadth not less than 


the height, and to tail into tbe work at least 3 
times its height. Between the headers, each 
course is to ba built of smaller stones not less than 
2" thick, of which there may be two or three in 
tbe height of the course. These stones need not 
be dressed, but should be as flat bedded as pos- 
sible ; the side joints need not be vertical, but no 
side joint shall form an angle with a bed joint 
sharper than 60°. No stone should be less in 
breadth or length than its height and care must be 
taken to make the stones in the different courses 
break joint. All stones to be set full in mortar. In 
walls of two feet and under, these headers to be 
through stones. thicker walls a line of headers 
to be laid from face to back which should overlap 
each other at least six inches. Oare should be 
taken not to place the headers of successive courses 
above one another. 

Specifying Coursed Rubble Masonry, 2nd Sort. 

This description of masonry consists of a facing 
of hammer-squared stones on one side, with a 
backing of rubble masonry built in courses of the 
same height as the facing, and bonding nronerly 
with it. All stones to be carefully set full iU' 
mortar. The face work should be as specified for 
coursed rubble, 1st sort. The stones in each 
course need not, however, all be of the same 
height, but not more than two to be used in tbe 
height of the course, and the joints may be as 
much as 1/2^^ in thickness. No course should ba 
of greater height than any of those below it. The 
hearting or backing should consist of un coursed 
rubble masonry, which should be carried un simul- 
taneously with the facing, the face stones being 
backed as soon as laid, hut each course need not* 
be completely levelled off. In all respects, other 
than those specified above, the facing and backing 
should correspond with specifications for coursed 
rubble, 1st sort, and uncoursed rubble respectively. 

Specifying Coarsed Rubble Masonry, 1st Sort. 

The stones should be laid in horizontal courses 
not less than 6'' in height. All the stones in each 
course should be of equal height, and all courses of 
the same height unless otherwise specified, in which 
case no course should be thicker than any course 
beneath it. All stones to be set full in mortar. 
The face stones to be squared on all joints and 
beds. The beds to be hammered or chisel-dressed, 
true and square, for at least 3 inches back from the 
face, and the joints for at least Ij inches, the 
face of the stones to be hammer-dressed, and 
“ bushing ” not to project more than 1} inches. No 
pinniugs will be allowed on the face. All side joints 
should be vertical and beds horizontal, and no 
joint should be more than 3/8 inch in thickness. 
No face stone should be less in breadth than its 
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haighfi, or should tail into the work to a [length 
lass ?haa its height, and at least Jrd of the stones 
should tail into the work at least twice their 
height, or in thick walls three times their height. 
Through stones should be inserted between 5 and 
6 feet apart in the clear in every course, and should 
run right through the wall when not more than 2 
feet thick. When the work is more than 2 feet thick, 
a line of two or more headers or stones should be 
laid from face to back, which should overlap each 
other at least 6 inches. Stones should break joint 
at least half the height of the course. The work 
on the interior face, should be precisely the same as 
on the exterior face, unless tlft work is to be 
plastered, in which case the side joints need not be 
vertical. The interior of the wall to consist of 
flat-bedded stones carefully laid on their proper 
beds and solidly bedded in mortar, chips and spalls 
of stone being wedged in wherever necessary, so as 
to avoid thick beds or joints of mortar, care being 
taken that no dry work or hollow space is 
jeft anywhere in the masonry. The face-work and 
backing should be brought up evenly, but the 
backing should not be levelled up at each course 
by the use of chips. 

Specifying Ashlar Masonry, 

For fine ashlar, every stone should be fine-tooled 
on all beds, joints and faces, full, true and out of 
winding if the surfaces are plane or to uniform 
carves or twists if required by the design. In the 
case of rough-tooled or bastard ashlar, the faces 
exposed to view should have a fine dressed chisel 
draft, 1 inch wide all round the edges, and be rough 
tooled between the drafts and on all beds and joints. 
• For rustic or quarry-faced ashlar the exposed faces of 
the stone between the drafts should be left rough as 
the stone comes from the quarry ; but no rock face 
or " bushing to project more than 3 inches from 
plane or drafts. No stone should be less than 12 


leave the quarry. No stone to be less than 18 
inches in ieogi^h, 15 inches in breadth and 8 inches 
in height. When the height of a course is more 
than 10 inches, the breadth of the stones should 
not be less than Jrd more than the height of the 
course. The beds and joints should be rough 
tooled, true and square for at least the same 
distance from the face as the thickness of the 
course in w'hioh they occur. Bond stones should 
be inserted in every course at 5 or 6 feet apart 
carrying them right through in walls not more than 
2-i feet thick If more, they should overlap at least 
6 inches. 

Cut Stone Work . 

The stone should be of the best .g ranite. It must 
be of uniform structure and colour, dense and hard. 
If broken the stone must present a bright, clean, 
and sharp texture, without loose grains and free from 
any dull and earthy appearance. Cut stone joints 
should be of about i inch and shallnever exceed J inch 
in thickness, the thickness of the joints varies with 
the nature of the dressing. The stones should be laid 
on their natural beds. Large stones should be tried 
first in their beds before setting and should then be 
raised and withdrawn, the bed finally cleaned, well 
wetted and the mortar laid ; the stone should then 
be brought near its place and gently lowered upon 
wedges, by the withdrawal of which the stone is 
brought exactly on to its bed. Mallets of suitable 
size must then be used to drive the stone well home 
to its place. Ail stones should be well wetted 
before setting and should be set in the best manner. 
Every stone should be bedded with complete full 
squeezed out joints either in cement or lime-mortar, 
and all work in contact with brick to be plastered 
with similar mortar to protect from stains, and all 
brick backing of same to be set in similar mortar. 

Foundations. 


inches in height and be less in breadth than in 
height or less in length than twice its height. All 
the courses should be of the same height unless 
otherwise specified, in which case, no course should 
be thicker than any course below it. In walls 2|^ 
feet thick and under, the headers should run right ^ 
through the wall. The bond should consist of 
headers and stretchers laid alternately in every 
course, the headers being arranged to come in the 
middle of the stretchers above and below, Fine 
ashlar work will probably only be required for 
beds of machinery. For fine ashlar the mortar 
joints should not exceed i inch in thickness. For 
other ashlar work it should not exceed i inch in 
thickness. For ashlar facing of walls built of 
rubble, bricks or concrete, the faces of stones to be 


In every case, it is necessary to ascertai n the 
nature and character of the soil on which it is pro-^ 
posed to construct] a bulTd'ing by diggiuglriirplt'sii 
at Its proposed Ideation . T Ue least depth of founda- 
liions is 3 fee t. T he breadfe and depth of fbuhia -( 
^ns ye fixed with reference to the character of 
the soil at site and the weight ofstrocture to 
thereon. Bock, gravel and sand are good founda/ 
tioDS. Qi ^ is generally treacKeVim and nr ecadtlon- 
a ry measures are necessary for foun dations in clay | 
sSlsi Made ground, even though it mayliay e Iain 
undisturbed for years should n^ba trusl63~1fQF!fhB 
s ^ortdf any building, especially buildings of much 
wdgEir ^ln oreff to s ot tue build- 

ing over a larger area and produce an equality of 
settlement, brick walls are made wider at the base. 


rough tooled, rustic or chamfered as desired. The 
backs of stones may be left rough in the state they 


The most up to-date practice is to make each course 
of brick | a brick wider than the course immediately 
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above, so thafe if the wall is a 2| brick wall, the 
first course immediately below the wall will be a 3 
brick course, the next course below will be 3J brick, 
and so on. Below the lowest brick course provi- 
sion is generally made for a bed of good concrete 
varying in depth from 2 feet to 7 feet as required 
with 6 inches projection on either side of the 
lowest course of brick footing. 

af;nnAJ.Qnndations. the breadth of tbe^stenpings 

ought in DO case to exceed one fou rth the ava rM 
length of the header ston^ The ^estion of safe 
loads on toindationTTs one" of practical judgment 
and too much reliance should not be placed on a 
table of safe loads, for the reason that it is a difficult 
matter to find which of the soils named in the 
table corresponds with the soil that is about to be 
built on. The following table of safe loads in tons 
per square foot on different soils and materials is 
inserted here to serve as a guide 
Eock, 9‘0 ; soft rock equal to good concrete, 3*0 ; 
very soft rook, 1*8; moist clay and sand, 1*36; 
coarse sand and dry clay, 2‘25 ; clay, soft or loose 
filling, TOO ; good ordinai’y clay, wet, 2*00 ; good 
ordinary clay, dry, 3*00; dean sand, confined 
and dry, 3*00 to 4'0 ; clean sand, confined and 
wet, 2*00; gravel and hardened sand, 2*00 to 5*00 ; 
loamy and sandy soil, ‘5 to *75 ; red earth, 3*00 ; 
mooram, 4*00; lime concrete, 3 00 to 3*50; brick 
and lime masonry .of good, bard burnt common 
brick, 2 00 to 5 00 ; cement concrete, 1 ; 1 : 3, 35 ; 
cement concrete, 1 : 2 : 4, 32 ; cement copcrete, 
1 : 2 i: 5; 29 ; cement, concrete, 1 : 3 : 6, 25 ; 
cement concrete 1:4:8, 19;. black cotton soil, 
made earth, and clay not permanently moist, *25. 


Foundations In . Soils Requiring Special 

Treatment^ * 

The following three soils require special treat- 
ment, and should not be given a greater weight than 
0*25 ton per square foot, (a) Black cotton soil. 
(5i Made earth, (c) Clay, not permaDfintlv moist^ 
Black cotton soil : Wherever this soil overlies rock 
or firm compact soil at depths not exceeding 8 feet, 
t he foundations should be taken down to the 
compact stratum ! Where this is not the case, and . 
sand or gravelTi'easily procurable, the black cotton 
soil over the whole area under the building, and for 
an additional width of 3 feet all round, should be 
removed and sand or gravel, well rammed substi- 
tuted. Where such material is scarce, tbe found- 
ation trenches should be excavated to the full depth 
of the black cotton soil, and the space occupied by 
the latter filled in with sand or gravel well rammed. 
FgSg^tions in blaok cotton soil sboul^jlffiapiie 
utin^uring I Heh^weatEer^* wEemSac^ in th 
_ and lae morereadilv seen 


or both mixed, underlies the black Cotton soil to 
considerable depth, probably the best plan is to 
found any structure that it is unavoidably neces- 
sary to build thereon on wells. Terrace roofs 
should be avoided in buildings on~~brack cotto n 

Ube site o f any structure sEduIQlwavIbfl 
dri an apron 6" to 9" 

thick, and not less than" 10 feet wide, of gravel 
should be laid all round a building, at a slope of 
1 in 20, and drains dug to carry away the drainage 
therefrom. The foun dations of strn ctnrflg kmif^ 
m black cotton" soiriHMl Qel S far_ii.a posaihlA 
uliiformlv loaded one part of the foundation 
should not be m^e to bear a greater load than 
another. This can generally be done by increas- 
ing the width of the foundations in direct 
proportion to the load. Made earth : This clasR nf 
soil should neve r be builtlmdn iflb is possible tn 

avoidance is impossible the 

precautions enumerated above in connection with 
black cotton soil should be followed, except where 
made earth is unmixed with clay, it is probably best 
to found a structure built thereon on a concrete 
platform not less than 3 feat in thickness. This 
form of foundation is, however, entirely unsuited 
for soils which vary in the amount of moisture pre- 
sent. ^Clay i oil: Any soil with olav in it, 
alterD^^^eTand dry, is especially treacherous to | 
fiild o n. Tbe precautions laid down for black, 
cotton soil should be carefully followed in all such ' 
eases. 

Thickness Of Walls Of Buildings. 

. Compared with thickness of walls in England, 
the thickness of walls in India is about^ioX. 
times the former. The Indian climatic conditions 
and proverbial bSd materials and workmanship ac- 
count for this condition. Thin walls as in England 
would allow of heat passing through them. Undue 
thickness might of course be avoided. Walls of 

single storied buil dings are usually 2 bricks thick 

^ ot double storied buildings are 3 or 2i bricks 
thick at ground floor and -2 or liTUcETaFlrsF 
floor 

Prevention Of Damp, ly ; 

. In order to prevent damp rising from the ground 
through walls, a waterproofing or damp-proof 
course is laid in external walls. Tbe best position in ; 
tbe wall for tbe damp-proof couHe is the^ 
the wall, the top of which is at tbe floor level of 
buildings — J n England where tSe Iborlng 
consists of wood planks on joists and where the 
basement is not filled in with earth or sand as is 
done in India, (the damp-proof oQur.se) may be 
inserted in the wall at any intermediate level 
between floor level and ground level. Tha jamp 
proof course iu ^ivalls of houses, the basement of 
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wnior :_.eai:fclijhQuW bi_a{i 

floor level. . ^ slabs laid in 

cementi and p'oTnted with cement to the full depth 
of the slab^jorm an exGeli^t_d_amppjoqf eon 

o" thick, ^ha-lt, glazed brick s l^drTij_ 
^ are other siTitabje damp....proQl, 
courses'; "Sbloe engiDe6^ri..cprisider a course of F 

^ ent' {i " cement and 2 saadl''as a damp- 

proof course. 

Arches. 

figs. 1 and 2 in plate 14 show (l) flat and 
relieving arch and (2) a cambered brick arch. The 
objeot of an arch is to support tj^e super-incumben r 
weight over an opem iLg^,^^ uSal forms ofarc^s 
ire 'trj;fet, (2) "se^enta l, (3) semi-circular a nd 
(4) Goi ' ’ type of arch is the 

strongestj rm^o^c b, whil e flat arch is the weak- 

Accordingto^e class oTmaterial useT, arches 
are classed as (1) brick arches and (2) stone arches^ 
The other form of arches, viz., Jack-M flwSml 
be discussed under ‘ roofing.’ Brick-arches : The 
usual rise of arches (see fig. 1, in plate 14) for seg- 
mental openings of 60® over doors, windows, etc., is 

■ The area of a segment of 60® - span^ x ‘091 ; 

length of intradosssspan x 1*017; length of exlrados 
= (span X thickness of arch)xr047. For spans 
up to 3 feet two rings of bricks and for spans 
above 3 up to 8 feet 3 rings would suffice. The 
bricks should be laid in concentric rings the 
voussoir joints should not exceed i"in thickness and 
they should be perpendicular to the tangent of the 
curve at all points. In laying, the bricks should 
be well pressed into their beds so as to squeeze the 
mortar out and leave the joints thin. Bricks for 
skew back jointsshould be specially moulded or cut 
80 as to radiate truly; joints in two concentric 
rings should not come in the same vertical plane. 
The archwork should be evenly and quickly done 
and kept thoroughly moist so that no portion of the 
arch hardens or sets before the whole arch is com- 
pleted, For arches which are not constructed of 
specially moulded bricks but with ordinary rectan- 
gular bricks, the best bricks of the respective classes 
should be selected. All joints should be truly 
summered. The bricks should be set with as close 
joints as possible and the rings should be care- 
fully honied. In all centerings the upper bear- 
ing surface should be very correctly formed to 
the figure of the intrados of the arch and the 
centering should be sufficiently strong to bear the 
weight of the material of the arch together with 
the workmen and tools placed upon it without 
either sinking or changing its form at any time 
during the construction of the arch. Centres 
should be slackened within 24 hours after the arch 
is eomplebed under normal oocditiona. Care should 


be taken that the centering is not lowered while the 
mortar in the last finished joints is still so soft that 
it will be squeezed out, but at the same time should 
‘be lowered while the mortar is still moist so as to 
allow the arch to slightly compress itself and bring 
all its joints into fair bearing. In all cases the 
centerings should be lowered before the facing 
spandrel and outside parapet walls are built upon 
the arches. St one Ar chjm: Bubble arching, cours- 
ed rubble ariSing and ashlar arching are the three 
classes of stone arching. Bubble arching consists 
of slabs, hammer dressed approximately to the 
^proper shape with joints not exceeding | to f inch. 
In the ease of coursed rubble arching the stones 
should be rough tooled on beds and joints and no 
stones should be less than 6 inches on their least 
dimension and the mortar should not exceed i inch 
in thickness. Ashlar arching consists of stones 
dressed full and true set in fine mortar not exceed- 
ing 3/16 inch in thickness. No stone should be 
less than 10 inches in its least dimension ; in all 
cases, the stones to be of the entire thickness of 
arch. 

Doors And Windows. • 

Internal doors should not, as a rule, be less than 
3 f eet wid e a nd 6 feet 6 inches high . Acomm^ 
j)f doors as used in InHialiThat 

_*widtb_ jhis thi 

hltlTleet; TEeTize of doors named on drawings 
wBHje-the size between ‘the outside of the door 
frames. Doors of greater width than 3 feet are 
generally divided into two parts that is, are “hung 
folding.” Doors are described according to the 
arrangement of the shutter forming the door and are 
also called “right handed” or “left handed” according 
as they open inwards to the right or to the left. The 
usual forms of doors are (a) panelled, (6) panelled 
and glazed, (c) ledged or battened, (d) plain planked, 
(e) framed and braced, (/) planked and iron-barred 
and (g) venetianed. Doors will generally be paid for 
by a rate on the area between frames, (outside dimen- 
sions). Size of windows will depend on the object 
of the room in which they are to be placed. The 
window sill should generally be about 2 feet 6 
inches from the inside floor level, WindWfs'^maJ* 
be provided either for the purpose of lighting 
only or for both ventilation and lighting. In the 
former case, they may be ia) fixed so that they 
cannot be opened, and in the latter ih) hinged on 
either side, (c) hinged to top or bottom rail, 
id) bung on pivots near their centres. The methods 
(c) & {d) are generallyadopted for clerestory windows 
or windows high up in the wall, but method (5) is 
adopted in the case of ordinary windows. 

Flooring. 

The different clasess of flooring are many and an 
attempt to describe evexy class of flooring would 
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serve no useful purposQi The essential Gonditiou 
of a flooriog is that ; it sbmili_he impervious . The 
kinds of flooring which will be considered as satis- 
fying minimum sanitary rfquirements for special 
buildings as medical institutions, markets, slaughter- 
houses, latrines and dhobie kbanas will be discuss- 
ed later on under the description of each building. 
Under this head, I will give a list of the different 
classes of flooring with present cost per souare at 
Madras and describe some of them. 1. Flooring 
with concrete 4" thick well rammed and plastered 
with cement i" thick, (3 to 1) per 100 square feet, 
Es. 10-0-0. 2. Flooring with 8" country paving 
tiles and pointed with cement per 100 square feet, 
Es, 13-10-0. 3. Flooring with 12" country paving 
tiles and pointed with cement per 100 square feet, 
Es. 16-0-0. 4. Flooring with stock brick in cement 
plastered with cement i" (3 to 1) on 3" concrete per 
100 square feet, Es. 16 0-0. 5. Flooring with 
compressed tiles 6" square and pointed with cement 
per 100 square feet, Es. 20 4-0. 6. Flooring with 
Cuddapah slabs on 4" concrete and pointed 
with cement per 100 square feet, Es. 23-0 0. 
7. Flooring with asphalt thick laid on 4" concrete 
per 100 square feet, Es. 24-0-0. 8. Flooring with 
asphalt, I" thick laid on 4" concrete per 100 square 
feet, Es. 32-0 0. 9. Flooring with semi-polished 
Cuddapah slab on 4" concrete and pointed with 
cement per 100 square feet, Es. 36-0-0. 10. Floor- 
ing with teak boards planed to Ij", plain jointed 
per 100 square feet, Es. 50 0-0. 11. Flooring with 
teak boards rebated and filleted Ij" thick per 100 
square ft,, Es. 56-0-0. 12 Flooring with teak boards 
tongued and ploughed li" thick per 100 square ft., 
Es. 57-0-0. 13. Flooring with 2 line dressed granite 
paving stones laid on 4" of brick concrete and neatly 
pointed with cement or asphalt per 100 square ft., 
Es. 68-0-0. 14. Flooring with polished Cuddapah 
slabs 2 ft. square on 4" concrete and pointed with 
cement per 100 square ft., Es. 75-0-0. 15. Flooring 
with half white marble and Cuddapah slabs polished 
on 4" bed of concrete per 100 square ft. Es. 75 to 
100. 16. Flooring with white marble slate 2 ft., 
square polished on 4" concrete per 100 square ft. 
Es. 125-0-0. 17. Flooring with Europe encaustic 
tiles over 4" bed of concrete per 100 square ft., 
Es. 100 to 125. 18. Flooring with Marseille flooring 
tiles 7F X 7F laid on 4" concrete and pointed with 
cementper 100 square ft., Es. 47-0-0. 19. Flooring 
with white glazed 6" X 6" plain tiles per 100 square 
ft.. Es. 90-0-0. / 

Sp^c^ing Flooring. ^ 

shoSfdTb^^ sandland 

jiot wit as specified sbould'F^ 

laicTwItli a slope of 1 in 40 towards the outside or to- 
wards the vents for the discharge of rain-water, but 
‘ the sloping should be commenced from tbe centre, in 


cases such as passages or corridors which generally 
have openings on both sides. Concrete should be 
laid over this to the specified depth. Cuddapah slabs 
of lY or 2" thick should be laid in mortar on top 
of concrete. The slab need not be of tbe same 
dimension, but no slab be of lesser dimension tnan 
3 feet X 2 feet except they be required for the ends 
of the floor. The slabs should all be dressed true and 
square and should be laid with i" joint to the 
full depth of the slab. The finished surface should 
be true and the joints should be well pointed with 
cement mortar in the ratio of 1 of cement and 1| 
of sand. When rubbed Cuddapah slabs are to be 
used, the surface q^d joint should be rubbed smooth 
and true and the. joints should not exceed J" in 
thickness. When square tiles are to be used, the 
same method of procedure is to be adopted. 

Marble Flooring. 

The marble should be of the best of its kind. 
The cement should be old plaster mixed with marble 
dust. The joints in slabs and blocks should break 
with each other. 

Pressed And Ornamental Tiled Flooring. 

Tiles to be used for flooring should be of approved 
patterns. After the concrete bedding has been laid, 
as in tbe case of Cuddapah slab flooring, it should 
be evenly covered with a coat of finely ground 
mortar and evenly levelled. The tiles should 
be carefully set in Portland cement on surface 
thus prepared and pointed fine. The flooring 
should be wetted for a week after laying. The sur- 
face of the floor should not be rubbed if it would 
destroy the glaze and smoothness of the tiles. 

Boarded Flooring. 

Boarded flooring to be of the best teak boards, 
thoroughly seasoned and of the greatest length 
procurable. Boards to be of the thickness specified 
in the estimate, and not less than 6 inches in width 
to be tongued and grooved or tongued and ploughed, 
as may be specified in each case. Heading joists 
to rest upon the joists below to break joint with one 
another and to be rebated and tongued together. 
Each board is to be secured to its proper position by 
W screws to the joists below. The heads of all 
screws to be counter-sunk and the exposed surface 
then planed smooth. 

Asphalt Flooring. 

Tbe ground should be first made perfectly firm and 
level and covered with good concrete to a depth of 2" 
for ordinary floors and to 4" for floors of godowns, 
etc. A large caldron or iron pot having been provided 
and fire lighted under it, put into it broken pieces 
of asphalt of small size so as to facilitate easy 
fusion. Mix the asphalt with a stirrer in such a 
way that the pieces at the bottom are constantly 
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broughf; to the surface. If the asphalt is not 
naturally mixed with sand or lime then, when the 
whole quantity is thoroughly fused, saud or grit is to 
be added in the proportionof two pares of sand to one 
part of asphalt. The sand should be added gently 
and constantly stirred for the purpose of keeping 
contents of the boiler properly mixed and to prevent 
their becoming burnt and ciiokered to the sides and 
bottom of the boiler. When fit for use, the compost 
will emit jets of light smoke and freely drop frona 
the stirrer. It should then be raised as rapidly 
as possible to prevent its becoming overburnt. 
Having provided gauges, i, e., long strips of hard 
wood or iron of the thickness of the coat to be 
laid, place one with weights on R parallel to one of 
the sides of the floor to be covered and at a dis- 
tance of about 3 feet from the wall In this place the 
spreader kneels and as soon as the compost is poured 
down it is to be spread with a trowel to even thick- 
ness. To facilitate this work an ordinary fiioating 
rule 3i' in length may be used to level the compost 
to the thickness of the gauge and any unevenness 
is easily corrected by the trowel. Before the com- 
post becomes hard a small quantity of very fine 
sand should be sifted over it and well rubbed into 
it. When one strip down the room is finished a 
similar strip next to it is skipped and two gauges 
laid at the proper width along the edges of the next 
or third strip which is filled in similar way to the 
first. Thus when the alseroate strips are cool, the 
gauges are to be removed and intermediate strips 
filled in. 

Reinforced Pabco Flooring. 

Eeinforced pabco should belaid over any smooth 
solid surface. The total thickness when completed 
should be about one quarter of an inch full and 
should be composed of two layers of maltha as- 
phaltum, one layer of felt and one layer of two ply 
“pabco” sheeting. Hashings should extend up 
walls at least 4/' each layer of reinforced pabco 
should be separately flashed up round or through 
parapet walls. All angles should have an apron 
piece 00 the underside embedded in aspbaltum and 
fire joined edges. All cover flashings should be 
tuck pointed with cement where let into walls, etc. 
All cover flashings should be fire jointed at edges. 
All joints should have a two-inch overlap. Bach 
layer of pabco asphalt felt should have maltha 
asphalt flown between all joints. Pabco (two ply) 
roofing should have all joints fire jointed. All 
joints should be broken. A thoroughly trained man 
should supervise all work. First coating : Boiling 
floatioe (mineral asphalt) should be fl )wn over the 
entire surface of the roof about one-eighth of an inch 
in thickness. Second coating : Pabco asphalt 
saturated felt sheeting should be rolled into the 
asphalt before setting* overlapped 2" at joints. 


Third coating : Boiling floatine (mineral asphalt) 
should be flown over asphalt felt one-eigbth of an 
inch in thickness. Fourth coating; Two ply pabco 
roofing should be rolled into asphalt before setting, 
overlapping 2*' at joints. All joints should be 
made good with a blow lamp. All works should be 
left perfect and water tight on completion. 

Paripan Fillei? : White. 

For filling : To be used as supplied by the com- 
pany with a knife and to be rubbed down with 
pumice and water. For stopping : Some dry white 
lead is to be mixed with the filler and then to be 
used with a knife. For priming coats : To 7 lbs. of 
paripan filler are to be added three to lour gills of 
turps and mixed thoroughly. The turps should be 
measured in and not guessed at. The whole 
should be stained to shade of Paripan Japan of 
the selected colour. Before applying the Paripan 
Japan, tbe surface should be rubbed down with 
glass paper and dusted off. After removal of lid, 
the filler is to be kept covered with water, to pre^ 
vent formation of skin. 

Paripan Japan White Painting. 

Tne contents of the can should be well stirred 
before use, and should be poured through a piece 
of muslin to eliminate any particles of skin which 
may have formed on the surface. This japan should 
be laid upon a zinc white under coat, and in all 
high class work, Paripan under coat white is 
recommended. During cold weather, tbe cans 
should be stored in a warm room and after Paripan 
Japan has been applied, care should be taken that 
frost is not allowed to attack the work until it has 
become quite dry. 

Paripan Finishing White Fat. 

This finishing should be applied in a thin coat 
and be well- worked out under the brush j care must 
be taken not to put on too much at a time. Before 
applying a second coat, the surface of the former 
coat should be rubbed down with powdered pumice 
stone, just sufficiently to take off the gloss, tbe 
finishing will then flow more freely on the work, 

Newellite Glasstile-Flooring And Walling. 

Materials to be used; Best Portland cement 
and either washed river sand or sharp pit sand in 
the following proportions : For rendering : Three 
of sand to one of cement. For fixing : Two of sand 
to one of cement. Tne walls should be floated with 
sand and cement in the above proportions and 
plumbed and the surface left well scored. In 
the ease of old white- washed walls, the greatest 
care should be taken to remove every particle of 
the white- wash and the joints should be carefully 
raked out without which the necessary cohesion 
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between the walls’ surface and the rendering will 
be wanting and failure may result. All wood 
such as lintels, etc., must be covered with expanded 
metal lathing before rendering. The face of the 
glass tile finish is three-eighths of an inch from the 
face of the rendering. It is advisable to gauge the 
cement over-night and to work it up fresh in the 
morning. Great care should be taken to batter the 
tiles equally; they should then be fixed with as close 
butting joints as possible, worked in solid, and 
carefully patted to ensure an absolutely even 
surface. When cutting is required an ordinary 
glazier’s No. 2 opal .diamond should be used. By 
means' of wooden templet, the tiles can be cut to fit 
any curve. 

Public Works Department Specification For 

The Use Of Artificial Stone Blocks In 
Buildings. 

“ (l) The blocks shall be used as received from 
the factory and no cutting or otherwise altering the 
shape or strength of blocks is to be permitted. 
“ Special blocks,” those not usually manufac- 
tured shall be supplied to all works where the 
contingency is foreseen, but, in special or urgent 
cases, the application of cement plaster to form 
mouldings, small cornices, etc., may be permitted. 
(2) Walls shall be built plumb and true, the faces of 
block to be uniformly in one plane. (3) The joints 
between blocks shall be of one part English Portland 
cement, with three parts of sharp sand to piss a 
SOX 30 mesh screen. Horizontal joints shall in 
all cases be 3/16" thick. Thicker joints horizontally 
with the uniformly moulded blocks are quite 
unnecessary. Fifteen courses of blocks in mortar 
shall occupy a height of 10 feet. Vertical joints 
shall be 3/8" thick. Joints shall be pointed in 
fine cement mortar, the joints to be flush with the 
face of the wall, so that all joints shall be invisible 
when distempered or painted. (4) Blocks slightly 
damaged in transit to work-site shall be repaired 
with 3 : 1 mortar, as above specified. Badly cracked 
or otherwise faulty blocks shall be rejected. (5) All 
reinforced beams and door lintels shall have 
not less tban 8 inches full bearing at ends. (This 
will, incidentally, eliminate the use of small blocks 
as closers.) (6) All blocks shall be well- watered 
immediately before being put into the work.” 

Roofs Classified . 

Indian roofs are of two kinds, flat or terraced, see 
figs. 3, 6 and 7 in roofs plate 14; pent or lean-to 
roofs ; see figs. 4, 5,8, 9, 10, 11, 12 and 13 in plates 
14 and 15. Flat roofs are divided into two classes, 
m, terrace roofing and jaek-arch-terraoing. Pent 
roofs are of the following descriptions, (1) 

|)a n tik roo fing, (2) plain pan tile roofing, (3) ro ofog 


with Ma ngalo r e til es with flat tiles, (4) roofing 
'wUhnPffioJajgal^re 

jronjoofiQ^Glassified with reference toTheTFaooes 
on which are laid any of the above roofing materials, 
they may be considered under the following heads : 


(1) Couple roof, 

(2) Couple close roof, 

(3) Cdlar Beam roof, 

(4) King-Post roof, 

(5) Queen-Post roof, 


(see fig. 8 in plate 14). 
(see fig. 10 in plate 15). 
(see fig. 9 in plate 14). 
(see fig. 12 in plate 15). 
(see fig. 13 in plate 15). 


____ formed of two inclined rafters meet- 
ing upon a ridge board to which they are nailed, the 
feet being nailed or notched to the wall plate. This 
roof is suitablel fprsmall spans up to 11 feetj Couple 
close roof is an improvement on the couple roof 
formed by connecting the feet of the rafters by a 
tie beam, which prevents them from spreading and 
tbrusting out the wallsaod canbe economically used 
in spans up to 14 feet. If the lie beam has to sup- 
port a ceiling, it may be held up by an iron King 
rod from the ridge. Collar Beam R oof is a variation 
of the couple close w h ere~grea"t6r headway is 
required, the tie beams being raised half way up 
the rafters. It is not such a good form as the 
rafters tend to bend in the middle and thrust out 
the walls ; may be much improved by adding a tie 
beam or tie rod at the foot of the rafters, v^hen the 
collar beam becomes a strut and forms a good roof 
up to 16 feet span. King Post Roof is adopted for 
spans from 16 to 26 feet.. The King post forms a 
jpnQrtiQ rJibejie beam , and the struts prevent the 
principal rafterTfromTending in the middle. If the 
span is greater than 26 feet, the tie beam will 
require more than one support. This is given by 
means of Queen posts in Que^Post Roof. 


Terrace Roofing, 

One cqurs^of t errace^ . brickB sho uld be laid on 

6 incnes over the inner ^ es of Ibe walls . The 
mortar should in this case •consJsJiAf^ne lime to 
li of sand.) When this is set, a layer orSrleFc^ 
creTeTinTmes thick made up of fine broken bricks 
(I inch, gauge) and lime in the ratio of 2 : 1 
should be laid over it. Tbe concrete should be laid 
evenly and true to the required slope and should 
be thoroughly beaten with light wooden knives, 
The beating should continue until the mortar has 
almost set and until the knives make no impression 
and readily rebound from the surface when struck 
on it. Whilst beating is in progress, the concrete 
should be liberally sprinkled with lime water. 
Should this surface, during the process of beating, 
become so uneven that water lodges, it should be 
picked up and fresh concrete added as may be 
necessary. After the concrete, three courses of fiat 
tiles should be laid diagonally, breaking joint in 
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mortar o f i lime. 1 sand aodl sur khi : feho joink of 
the top layer should be lefts open to afiord a key for 
the plaster. Plaster in t he rado of 1 lime, 1 s^d 
and 1 surkhi sEould^'applied over all and smoothly 
fialiHe3^"*^h6Q Madras terracing is provided, the 
woodwork consists (1) of joists, (2) joists with 
wood beams, (3) joists with Boiled Steel Beams. 
When the length or breadth of a room to be ter* 
raced does not exceed 12 feet, provision is made only 
for joists. The joists are usually spaced 18 inches 
apart from centre to centre, ' ^e usual dimensi 
for tea k joists, sp^ e.dj,8 inc hes apart are : 2 inches 
X*’’S|‘‘'tncHei^^ X f inchesT 2 inches x 
8 inches, 3 inches X 9 inches for spans of 6 feet, 8 
feet, 10 feet and 12 feet respeottvely. In the case 
of rooms of widths of more than 12 feet, the usual 
practice is to introduce a wood beam or rolled iron 
girder dividing the longer dimension into a number 
of bays, and joists are placed across. For instance, 
th’ere is a room 40 feat long and 16 feet broad and 
it is proposed to terrace the room. At eight feet 
intervals, wood beams or iron girders are placed 
supported on the two lengthwise walls. The joists 
are supported by the beams and the end joists by 
the beams and cross walls. The 'neams should be in- 
serted into walla with air space as shown in figs. 16 
and 17 in plate 15. Toe invariable practice now is 
to use rolled steel girders instead of wood beams. 

Jack-Arch Terracing, 

This method of roofing is shown in plate 95. 
Boiled steel joists are placed at distances shown 
in the following table ; on these should rest one ring 
of ii ioches brick arehwork in mortar, 2 inches 
concrete, and plaster J inch at top and bottom. 


Span in 
feet. 

Span for 
arch in fret. 

R'sa of arob 
in inches 

Size of girder- 

10 

5 

6| 

R.8. BU= 7- X4'' Xl6 Iba. 

12 

5 

61 

R.S. B 12« 8* X4'' X18 lbs. 

U 

5 

6| 

RS. B 15= 9 '' X4 " X21 lbs. 

16 

6 


R.3. B 17»10* X5' X30 lbs. 

18 

6 

H 

R.S, B20=12" X5' X32 ibs. 

20 

6 

n 

R.S. B20 = l'i* x5" X32 lbs. 


The weight of archwork is taken as 100 lbs. per 
sq. ft. and 80 lbs. per sq. ft. are assumed fas live 
load.J All roof should have sufficient slopes to dis- 
"oEarge rainwater about (1 in 40j. The end joists of 
the floor in the case of small roof and the two joists 
nearest each end in the case of large roof should be 
tied together witli either flat iron if inches by f inch 
rivetted to the bottom flanges, or round iron 1" dia- 
meter bolted through the web. The archwork in 
some eases is turned with terrace or country bricks 
with concrete and three courses of flat tiles identi- 
cally as in terrace roofing. 


Flat And P an Tiled Hoofing. 

Over the rafters, reepers 2" X J" should be 
nailed at central distances suited to the size of the 
fiat tiles; the joints should be lap joints over the 
rafters. The flat tiles should be first dipped in white 
wash and laid in mortar. Over this course pan tiles 
well burnt, well shaped and free from cracks should 
be placed ; before using, these should be soaked in 
cow-dung water for 12 hours. The first layer 
should be laid over the flat tiies in rows touching 
one another and overlapping lengthwise for a little 
more than half their length, the concave side being 
upwards ; the second layer should then be laid with 
the converse side upwards and covering the joints 
between the rows of tiles of the previous layer. 
Eidges and hips should be covered with special 
tiles set in mortar. Valleys should be lined with 
galvaniz3d iron 24 gauge sheeting, 3' wide ; no nails 
or solder to be used ; the depth of the trough made 
by the sheeting should not be less than 9 \ Strips 
of plaster 9 “ in width and 2 “ in thickness should 
be laid down the slopes at intervals of 4' to 6^ 
Similar strips should be laid around the eaves, care 
being taken not to obstruct the discharge of rain- 
water; the object of these strips is to localise the 
effect of wind and so to prevent whole roof from 
being stripped. At cbe junction of the roof with a 
wall, the tiles should be let into the wall to a dis- 
tance of 3 " and a 4| " projection with mortar 
should be formed above the roof surface. Eaves 
boards to be 1 “ thick and i " deeper than the 
vertical section of the rafters ; it should be screwed 
to the ends of the rafters when shown on the 
drawing. 

Mangalore Tiled Roofing. 

The roofing should consist of Mangalore tiles 
laid on battens 2^' X 1" securely nailed to the 
rafters with lap joints at the centres of rafters. 
The distance apart of battens may be determined 
by the gauge of the tiles. Before laying the tiles, 
care should be taken to see that the roof is even 
and true; the eaves batten should be 3" x 2" 
shaped to the slope of the roof. The tiles should be 
first class, well burnt and true : no model previous 
to that of Henke’s 01 should be allowed ; either 
the modifications of Henke’s latest model and of 
the Basel Mission tile should be permitted. The 
tiles should be laid from the eaves towards the ridge 
after the fitting of the battens. The ridge and hip 
tiles should be laid in surkhi mortar. The valleys 
should be boarded with teak thick and should be 
protected with thick lead or zinc sheeting 3 feet in 
width and 9" in depth. A wind tie 3" X 2" should 
be fixed by bolts and nuts over the eaves and at 
the ends over the gables. 
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Roofing With Mangalore Tiles Oyer Flat Tiles. 

Over the rafters, reepers 2" x 1" should be 
nailed ; on these reepers should be placed a layer 
of flat tiles in mortar (the tiles having previously 
been dipped in whitewash), then the Mangalore tiles 
should be laid as above described on a layer of 
mortar 1" thick which has been spread over the flat 
tiles. The roofing should be completed similarly 
to Mangalore tile roofiog. 

Corrugated Iron Roofing. 

Corrugated sheets should be laid (on approved 
rafters or trusses of teak or iron) with laps not less 
than 6"at the ends and two corrugations at the sides; 
vertical laps should be turned away from the rainy 
quarter. Soldering and all unnecessary contact with 
lead should be avoided ; Windle’s patent clips should 
be used instead of rivets, etc. The holes for rivets 
should be punched from the inside towards the 
outside at the distance of about 9" at the sides and 
at every third corrugation at the ends. Sheets when 
fastened with best galvanized rivets and lead wash- 
ers should be carefully set on the purlins and fast- 
ened to them by galvanized iron screws and washers 
or by bolts or other fasteners of approved pattern. 
The fasteners should be spaced about 5 feet apart 
horizontally and in the same line in the direction 
of the slope over each purlin. All bolts and screws 
should be set in white lead. All holes should be 
punched in the ridges of corrugation and provision 
for expansion should be made by drilling the holes 
in the underneath sheets, a slightly larger size 
than is necessary, to allow the fasteners to pass 
through. Hips and ridges should be galvanized 
iron or zinc with 9" lap ou either side. In open 
sheds and verandahs iron bars 2^' X of con- 
tinuous length should be bolted to the purlins so as 
to act as wind ties. 

Specifying Timber And Wood-work. 

Timber used should be L. R. teak of the best 
quality unless aoy other description of timber is 
specified ; it is to be properly seasoned and free from 
sap, shakes, strikes, large loose or dead knots, wavy 
edges or other defects. All timbers of large scant- 
lings to be sawn out immediately before beginning 
construction of any building so that the shrinkage 
may taka place before they are fixed in the building. 
All workmanship to be of the best description, all 
joints to fit accurately without wedging or filling, 
and to be framed and trussed in the best possible 
manner and fitted with all necessary wrought iron 
ties, straps, bolts, screws, etc., as shown on the 
drawings. Thq rates for different items of work 
should include their delivery at the site and their 
fixing in position. Planking to be supplied with 
straight and square edges, it should be rebated, 
ploughed, tongued or dovetailed as may be directed. 


All wood-work when put up on the work should be 
of the dimension specified, and no allowance for 
wastage will be allowed. Tne contractor should 
not be paid for dimensions supplied beyond those 
specified, and the length of each piece should be 
measured over-all so as to include projections for 
tenons or scarfs. Before wood-work is placed in 
position the written approval of the officer in 
charge should be obtained and in joinery work 
such approval must be obtained before priming. 
No timber should be painted, tarred, oiled or 
otherwise treated without previous, permission of 
the officer in charge. Any trass or framed work 
should be put together in the ground and sub- 
mitced to suitabl^^ tests before being placed in 
position. All timber resting on or bedded in 
masonry should have an open space (see figs. 16 and 
17 in plate 15) of at least i inch on either side of 
it for ventilation. Glue should not be used iu any 
joint or frames unless ordered as it will absofb 
moisture in damp weather and so set up decay. 
Portion of work in which glue is used for joints 
should be rejected. Beaumontique composed of 
white lead, litharge and boiled oil in the proportion 
of i : J : 4, respectively should be used in the place 
of glue for joints when ordered. The doors of the 
kitchen should open away from the fire place ; no 
wood-work of any sort should be set within 2 feet 
of a fire place or fine. Toe whole of the rough hard- 
ware, of whatever kind, that may be necessary to 
execute in good and substantial manner the whole 
of the work specified for the joiner and carpenter, is 
included under wood-work wrought and put up. 
Brass screws should be used for all brass fittings 
and iron screws for all’ iron fittings. Bolts, butts, 
hinges, looks, latches, pulls, stays and fasteners 
should be those of approved patterns. 

Specifying Wrought Iron Work. 

, All wrought iron work to be carefully, cleanly 
and soundly forged, not over-heated nor burnt. All 
plates, sheets and bars to be tough, fibrous, and of 
the highest smithing quality. They should be of 
exact dimensions shown on the drawing and should 
be of the uniform thickness, or sectiou specified. 
They should be free from blisters, scales, lamina- 
tions, buckles, twists and ail other defects. No iron 
should be used in girders or similar work, that will 
not bear an ultimate tensile stress of 22 tons to the 
square inch, and all bolts, tie rods, tension bars 
straps, etc., should be tested witha proof tensile stress 
of 22 tons to the square inch. All corresponding 
parts of similar spans and trusses to be made exactly 
similar and interchangeable. Ail edges of all plates, 
and the ends of all single irons, and bars must be' 
planed dead true to the dimensions, or wbere 
planing is nqt possible they must be dressed off fair 
with hammer, chisel and file. No rough edges 
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stiraighfi from the sheers shouW be permitted any- 
where throughout the work. A!1 rivet holes which 
are to be filled in the field are to be drilled, all the 
holes may be drilled or punched, any plate or bar 
in which the boles are not accurate'y in place should 
be rejected. The holes to be drilled to a diameter 
which shall not exceed by one-twentieth the dia- 
meter of the rivet which it is to receive. All iron 
work must be temporarily erected complete ?o that 
accuracy of fit and perfection of workmanship may 
be assured. All the iron work excepting the bolts 
and rivets is to be scraped free from rust, scale 
and dirt and is then to be covered with boiling hot 
linseed oil. It is afterwards tc^ be painted with 
two coats of good oil paint, the first being red lead 
and the second that which shall be named by the 
officer in charge. All steel must comply with the 
usual tests and must be up to the English Standard 
Specification. 

Specifying Cast Iron Work. ' 

All castings should agree in dimensions with 
those shown in the drawings. All castings should 
be sharp and clean, free from all blow holes, honey- 
combing, broken surface, lumps, box-putting ridges 
and other defects and when cold must be thorough- 
ly dressed with chisel and file. Immediately after 
each article is cast, it should be protected in such 
a manner that its strength may not in any way be 
diminished by too rapid or unequal cooling. 

Plasten ng. \f^ 

. Plastering consists in applying different compo- 
sitions resembing mortar to walls or ceilings, in 
thin layers so as to form smooth surfaces for the 
sake of appearance and cleanliness. Plaste r, 
is often 

composi tion of a plas ter wil]_ depend 
very much npoFih'e~ wav iris' usei : that which is 
lied externally requir es to be s t ronge r and rnore 

leTo'wltbstanr the weatbe ringjffects of the 

almospbere than the less exposed internal plastering. 
TIxtirnaTprastSD^sBoi^^ aslt is 

uo often used to conceal bad work, and it quickly 
looks shabby and requires continual repair, Yet, 
many seem to think that a structure is not pro- 
perly finished, whatever style the building may be^ 
unless it is plastered. It may, however, belaid down 
as a principle that good masonry, composed of well 
burnt brick and good mortar requires in general no 
external plaster to preserve or beautify it. There 
are, however, many cases in which it is quite legi- 
timate to use plaster. If the building is not of 
great importance, or if the masonry is not intended 
to be exposed to unusual strain, the saving in India 
is so great by using under burnt bricks in place of 
pucka ones, or by using mud in place of mortar, 
tbftt houses m copstantly built of this description, 


and with such it is necessary to use plaster. 
Again, plasler should be used externally when 
there is any object in having the surface of the 
brick work smooth, as in the case of a brick vault 
or arched roof. If the outside be left unplastered, 
rain would penetrate the finest joints, and in such a 
case plaster is employed, not so much to protect 
the masonry as to opiose a smooth surface instead 
of a rough ore, for the water to run off. When 
used in inside work the plaster may either be laid 
on the face or may be spread over a screen of laths 
fixed in any position. The latter operation is called 
plastering, the application to the wall itself being 
calledrendering. 

Specifying Plastering. 

All joints should be raked out to a depth of F 
and walls should be washed and thoroughly wetted 
for three hours before the plastering is commerced., 
^end^ing of plaster made/ of one lime to i sand ’ 
and storedY or three days atjeS^siSSpIi^^ 
koYover by Tall nroiections* and walls, should be 
appHedTh an even and uniform coat and should be 
well beaten with band tappers ; freshly mixed lime 
mortar should not be used. Before applying the 
second coat, the first should be allowed to set, but 
not to become dry ; it should also be well roughened. 
The finishing coat when white washing is not to be 
dene should consist of a very fine thin coaling of 
shell lime which will not be applied till the plaster is 
dried. This coat should be smoothed with a wooden 
rubber and polished with a trowel, lime water 
being sprinkled on it as required, the plastering 
and the polishing should be completed on the same 
day to prevent the hardening of the plaster. When 
a wall has to be whitewashed the plaster may be 
left rough unless otherwise instructed. 

Grouting. 

Grouting is very thin liquid mortar sometimes 
poured over courses of masonry or brick- work in 
order that it may penetrate into empty joints left in 
consequence of bad workmanship. It may also be 
necessary in deep and narrow joints between large 
stones. Grouting is, however, not approved of by 
-all engineers. Grout itself is weak compared to 
good stiff mortar, and should not be used where it 
can be avoided. 

Pointing. 

Pointing should if possible be done whilst the 
mortar in the joints is fresh. The original mortar 
should be raked out to a depth of F. The dust 
should then be brushed out of the joints and the 
work well wetted and washed with water. In lime 
pointing, the pointing mortar should be fine and^ 
should be composed o f lime, spiandjarkhi in the 
ratio of 1 : 1 : i. In tEeease of flush pointing, the 
prooedurelTbb adopted is the same as in the above 
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excepli lihal! tha joinl; will be flat and flush with the 
surface of the brick-work. In cement pointing the 
ratio should be one of cement to one of sand; cement 
pointing should be executed as rapidly as possible 
and must not be again touched till it has begun to 
set. The joints of pointed work should be neatly 
defined by the pointing and the lines should be 
regular and uniform in breadth and the joints should 
be raised or flat as desired. After pointing, the work 
should be kept constantly wet for about six days. 

Whitewash. 

The walls should be thoroughly cleaned down and 
freed from all foreign matter before the whitewash 
is applied. In. all j iases . remove the old white - 
wash, and scrape the waTET The wash should be 
prewired f refresh burnt white limestone or shell 
lime. The slaked lime will be placed in tubs nearly 
full of water, and will then be mixed and stirred 
up with a pole until it attains about the consistency 
of cream, so thick that it does not readily drop from 
the brush. When sufficiently mixed, the wash will 
be taken out in small quantities and strained 
through a coarse cloth into earthen pots. Gum J n 
the nroDortion of 2 oz to one cubic foot of lime 
should be added to the strained whitewash. White- 
wash should be laid on in three coats with Eng- 
lish brushes, the coats being laid on vertically and 
horizontally alternately, This applies to all colour 
washing, the only difference being that the colour 
specified or directed will be obtained by adding the 
necessary colouring matier, such as ground burnt 
eoeoanut shells, yellow or red ochre to the white 
wash. The following is a good recipe for superior 
whitewash. White lime : 40 seers, slaked with 
hot water in a covered vessel. Salt, 5 seers, dissolv- 
ed in hot water. Qoaraq rice : 3 seers, pounded and 
boiled to a thick paste (kanji). Glue i seer, dissolv- 
ed in hot water and the dirty refuse rejected. These 
ingredients should be mixed, stirred and diluted with 
hot water, till the consistency becomes that of 
ordinary whitewash. The mixtur e should then be 
allowed to simmer for a few hours over a fire ; it 
should next be strained, and finally laid on to walls 
while hob. As the practice in this Presidency is 
to mix lime, salt and rice by measure and not by 
weight, the equivalents of above proportions by 
me asure are half parah o r 1’56 cubic feet of 
wh lime, 1 VTO measures of salt, one 

Madras measure of rice and nine and a half 
palams of glue. 

Specifying Painting, 

All paints should be in the form of powder paste 
ground in oil or ready mixed as desired. Linseed 


oil should be raw or boiled according to the nature 
of the work. The raw^ should be limpid, pale, 
brilliant, mellowandTsweet to the taste and with 
very little smell. Eaw linseed oil t o be used for 
i ^de work . Driers to he litharge, sugar of 
leadTreJTeadnor Japan varnish, as desired. New 
woodwork : Before painting, the wooden surfaces 
should be well washed with soap dissolved in water. 
The washing should be done by means of large 
whitewash brushes. After soap and water have 
been used, the surface should he well washed down 
with clean water and painters’ hands must on no 
account touch the surface ;'the surface must he dry 
before the apolie^tion of paint. Ail projections, 
tool marks and"' other irregularities should he 
smoothed off and all heads of screws and nails 
punched to below the surface. All knots 
should be filled with one or more coats of oil and 
white lead or red lead and size, or glue laid on warm 
and rubbed down with sand paper or pumice 
stone. After all the above have been gone through 
the priming coat should be applied with no turpen- 
tine thereon, After the priming coat has dried, all 
nail and screw boles or other irregularities should be 
filled with putty prepared as described below, and 
the required number of coats of paints should be 
applied as thinly and evenly as possible ; all coats 
except the final one should - be rubbed down with 
sand paper before the application of succeeding coat. 
In the case of old woodwork, the work should be 
thoroughly scraped and all the old paint should be 
removed. Old paint may be removed by burning with 
an ordinary painters’ blow lamp or by covering the 
surface with kerosine oil or other paint remover and 
then burning ; afterwards the paint may be scraped 
off. When old paint has been removed the surface 
should be thoroughly cleaned from rust and 
dirt. Eed lead alone should be used for priming. 
Before iron work is painted, the surface should be 
thoroughly cleaned from dirt and rust and 
red lead alone should be used for priming. 
Before painting on plaster, the surface should be 
quite dry and hard. The first coat should be thin 
and should consist of white lead with raw linseed 
oil and a small quantity of litharge. The second 
coat also should be thin so that the plaster may be 
thoroughly saturated. The third coat should be 
thicker and should contain a small quantity of tur- 
pentine with some of the required colouring pigment. 
The fourth coat also should be thick, having equal 
parts of linseed oil and turpentine, The fifth or 
floating coat to be of pure whi^e lead with pigment 
to the required tint and dilated with spirits of tur- 
pentine. 



BUILDINGS: THE METHODS OF VENTILATION APPLICABLE TO 
INDIAN CONDITIONS. 


Yentilation. 

If pure water is considered an essential require- 
ment for health, pure air is as equally essential to 
health, as pure water. If we examine the huts and 
houses of the poorer classes, we will notice that no 
attempt has ever been made to jjrovide for ventila- 
tion for the reason that they are ignorant of the fact 
that pure air is an essential requirement for health 
conditions. The head-aches and feelings of depres- 
sion which follow the inhalation of impure air serve 
as warning notes of evils of want of pure air. Most 
of the poorer classes in this Presidency live in 
houses almost hermetically sealed against the 
entrance of fresh or the exit of foul air. They 
seem to possess an unfortunate immunity from 
indications of ill health due to inhalation of air 
loaded with impurities. The fact is that Nature 
ceases to sound its warning notes to such men who 
persist in disregarding them. It should be our 
endeavour to educate them in the matter of the 
necessity of pure air. In the ease of water, a 
turbid appearance indicates the presence of impu- 
rity, while the air of our rooms however impure 
it may become by over-crowding, presents no 
visible evidence of this fact. There are a number 
of diseases produced by impure air. In addition to 
this, there are the following broad undeniable facts 
which prove the importance of fresh air. (1) By 
atmo.spheric imparity, the risk of infection and 
the severity of infectious diseases are greatly increas- 
ed. A general lowering of the vital functions which 
renders illness more frequent and recovery more 
uncertain and prolonged results. (2) Fresh air is a 
chief factor which contributes to the earlier recovery 
of the patients in Hospitals which are well and 
satisfactorily ventilated than the patients in over- 
crowded and badly ventilated cottages. By ventir 
latiou is .meant the dilution and removal of all 
imparities which collect in the air of, mhabited 
roo ms. When the ventilation is the result of 
forces, constantly acting in Nature, it is called 
‘ Natural Yentilation. * When it is the result of 
forces set m action by man, it is called ‘ Artificial 
Ventilation.* Natural ventilation : Good ventilation 
is secured when the quantity of air required is sup- 
plied without any perceptible draught. Considerable 
cubic space is needed , to- secure this endl^JChe 
change of air of a room from B to 4 times in an 
hour is considered in practice a maximum, if.m^^h 
"draught is not to be created. In Public buildings, 


it has been found in practice that an air space of 
1000 e ft. per head ensures best results in the 
matter of ventilation. A larger cubic space is 
seemingly unnecessary as it encourages stagnation 
of air. The advantage secured by a large space is 
that in case of temporary failure of witid or other 
means of ventilation, it affords a reserve of air and 
becomes vitiated less rapinly than a small space. 
Comparing large and small rooms in the matter of 
ventilation, it may be seated that large rooms are 
more easily ventilated than small rooms and small 
rooms require more numerous ventilating apertures 
and a provision of a larger cubic space per head. 
In calculating the cubic space for ventilation pur- 
poses, it is not usual to take into account the 
ver^cal s pace s above t he first twelve or fourteen 
f eet For it"may ha 

stated, as a general rule, that the superficial area in 
square measurement is not less than 1/12 of the cubic 
space in cubic measurements. For Indian condi- 
tions where the roofs of buildings ar e strongly heate d 
bv the SUP, it is an advantage to make the buildinga 
Figh.so that the rooo^ may be cool. Large superficial 
Ipabe affords the rapid diffusion of the exhalations 
from lungs and skins of individuals and is therefore 
very useful in isolating individuals. Without pro-j 
ducing draugbt JDO c. ft. per head is considered thej 
Sailesb amounfS cubic space that should be pro-* 
vided for to ensure purity of air in a dwelling room. 

_ per head is regarded as the smallest 
i^iflci^space allowable in a dwelling room, A_ 
good all owance is lQQ so. feet per bead a nd this floor 
areaTlfiould invariably be provided inibe ward pavi- 
lions of Hospitals. For the conditions in India, we 
have to depend upon the wind for natural ventilation. 
Tubes, shafts, etc., are unnecessary for Indian condi- 
tions. ^imnla and direct^methods of ventilation 
e all that are necessary 

rooms 'mbn^ocierate heights, the simplest and 
most effectual method of ventilation is to provide a 
sufficient number of doors and windows. A good rule 
islFprovide riquarT^ 60_ 

oubic feet of spaLe in a room" Ventilation is beat 
seewed when doors ancT windows are opposite each 
other, as in fig. 20 in plate 16. The next best arrange- 
ment is windows in adjacent walls as in fig. 21 in 
plate 16. The worst case is when only one side of 
a room is open to the air outside as in fig. 22 in 
plate 16. Every room should have at least one 
side open to the atmosphere outside and even the 
smallest room should have at least one window in 
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addifiion to the door, as the door may have lio ba 
kepi: closed at nigbts. When the height exceeds 12 
feet, it is to have openings near the ceiling or in the 
> 00 !, as otherwise the hot impure air will accumulate 
in the space between the tops of windows and the 
ceiling. Ventilators in the side walls should as far 
as possible be open to the air as shown in fig. 19 in 
plate 16, and not under verandahs as shown in 
fig. 18 in plate 16. These openings are provided 
either with revolving shutters or fixed shutters. 
The latter are preferable as they always remain 
open, Indian houses are badly ventilated but they 


are not as bad as it would appear at first sight. 
The rooms are, as a rule, arranged round a court- 
yard which acts as a ventilating shaft. Ventilators 
can also be provided in the roofs of buildings. With 
terraced roofs, the simplest plan is to insgjlj^j^LcL-. 

2" pipe though the terr ace fi lled with a cove r and 
WilfgaigelounTth^^ WilE^Man^ore 

tiles 71 pecia^v 0 ^ti'll^^^ used. With tiled 

roofs, ridge ventilation is also possible. All kitchens 
should have a flue or roof ventilator for the escape 
of smoke. Latrines should have ridge ventilation 
as shown in figs. 23 and 24 in plate 16. 



BUILDINGS: MAIN DETAILS OF CONSTEUCTION OF LATRINES 
AND URINALS AS GAINED FROM A STUDY OF PLANS. 


Glassification. 

Latrines are nsually divified into two classes, 
tiz., latrines on the conservancy system and 
latrines on the water carriage sys^fm. In the for- 
mer system, the night-soil is retained in pans or 
pits and conveyed in night-soil o^rfs, while in the 
latter system, the night-soil is^emoved by means 
of a flow of water and conveyed by a system of 
underground pipes. Latrines on the water carriage 
system can be used in towns provided with closed 
sewerage schemes. The latrines on the conser- 
vancy system are employed in all towns and 
villages in which the removal of night-soil is done 
by manual labour. Public Latrines, Private Latrines, 
Public Urinals, Private Urinals and Village Latrines 
and Temporary Latrines for fairs and festivals are 
the classifications, judged from their situations and 
purposes. The fact that the last say has not 
yet been said as regards the design of a latrine 
suitable to satisfy sanitary requirements and Indian 
habits is evidence that the question is complicated 
with a number of considerations, viz., principles of 
design, habits of the users, general drainage systems, 
etc. In the first place, it will ba admitted that 
the trouble in India is not chiefly due to the faulty 
character of the designs of latrines but is mainly 
due to the habits of the people to use the surround- 
ings of a latrine instead of che latrine proper. There 
is DO doubt that the water carriage latrines dis- 
charging the excreta and urine in a liquified form 
straight into closed sewers are the best and sani- 
tarily perfect. It will be many decades of years 
before towns in this Presidency possess up-to-date 
closed sewerage schemes. Till then, we must be 
satisfied with the present make-shift methods of 
the conservancy system. 

Proposals For Latrines. 

All proposals for latrines should be accompanied 
by the following plans, estimates and report. 
“ 1. Site- plan— scale 330 feet=l inch— (village-map 
or town survey) showing (i) position of work and 
surroundings for a distance of 1,000 feet from the 
site ; also buildings, roads and wells and other 
sources of water-supply within this radius. Indi- 
cate those sources employed for (a) human con- 
sumption, ib) domestic purposes, io) irrigation; 
(ii) the general trend of the ground by means of 
arrows ; (iii) the position of latrines (if any) to be 
superseded ; (iv) the source whence the ablution 
water is to b$ obtained if withip the radiui of the 


site plan, 2. Describe the soil and subsoil of 
the site, and give a section of a trial-pit. 3. If 
any of the inhabitants have objected to the site, 
forward a statement of their objections. 4. A 
statement showing the number of persons— (i) male, 
(ii) female, to be accommodated ; (iii) the population 
(approximately) of the area within half a mile radius 
of the latrine; (iv) the distance of the nearest 
public latrine from the site selected. 6. The 
arrangements proposed for obtaining ablution water. 

6. The manner in which the ablution water is to 
he conveyed to the latrine, and in which it is to be 
delivered there to the user of the latrine. 

7. Proposed method of removal of faecal matter 
and urine and washings, respectively, and the 
plant actually available for this purpose. 
A Proposed method of ultimate disposal of fecal 
matter and urine and washings, respectively. 
9. Describe in detail the nature of the surface or 
receptacle in which (i) the fecal matter, and 
(ii) the urine is to he received. 10. If feces and 
urine are received in different manners, describe each 
fully. 11. If deodorisation is intended, state (i) the 
material to be employed ; (ii) the facilities for 
obtaining it; (iii) the probable cost. 12. If any 
apparatus is used for distribution of the deodorant, 
describe its action. 13. The accommodation, if any, 
on the spot for the toty attendant during hours of 
duty. 14. Give reasons for preferring the materials 
of which the structure is to be built, and state what 
alternative materials are available locally and their 
cost. 15. Detailed estimates and specifications of 
work to be done. 10, Plans and sections to be 
on a scale of 6 feefc=l ineh. Copies of type- 
designs need not be sent up but the number of 
design should invariably be quoted.” 

Latrine Of 18 Seats: Plates 17 ind 18, 

In the above plates, is illustrated the type 
design No. 112*B issued with proceedings of the 
Madras Sanitary Board, No. 338-S., dated 29-9-11. 
The specification report which accompanied this 
'design was as follows ; General : The latrine 
will have 18 seats with corrugated iron parti- 
tions 2' 3" X 4^ 0" between each seat with 
entrances on both sides of the latrine. The dis- 
position of the seats, entrance, partitions,' etc., 
and the arrangements of the seats, latrine pans, 
etc., should be as shown in the design. Founda- 
tions will he 2 feet deep in the case of walls of 
thre^ sides q! the latrine and for T iron pillars, I' 3^^ 
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for the rear wall of the latrine and for the retaining 
walls of the latrine seats. The whole depth of the 
foundations will be built of brickwork in surkhi 
mortar or if preferred the bottom 18" may be of 
concrete. The depth of the foundations will vary 
according to the nature of the soil on which the 
latrine is to be built and should be increased if local 
conditions of site require this to be done. If random 
rubble in surkhi mortar is cheaper than brickwork 
the foundation may be built of the former, or of 
concrete. Basement will be l' 6" high of brickwork 
in surkhi mortar. In places where stonework is 
cheaper than brickwork the basement may be built 
of coursed rubble first sort in surkhi mortar. The 
filling in of the basement should be with sand. 
Superstructure will be of 22 B. W. G. corrugated 
iron walls and T iron pillars supported by angle 
iron stiffeners. The height of the walls and the 
arrangements of the roof fastenings, eto., should be 
as shown in the design. Flooring will be of smooth 
Ouddapah slabs 1|" thick laid on 4" of surkhi concrete 
and all joints shall be pointed to the full depth of 
the slab with best quality Portland cement. Roof- 
ing will be of 22 B. W. G. corrugated iron rof fing 
on 1 J" X X I" angle iron purlins over 2" X 2" x J" 
T iron rafters. The arrangements and fastenings, 
etc., of the roof should be as shown in the design. 
Finials: There will be two iron finials, one at each 
end of the roof, Filter trenches: There will be 
two filter trenches at each end of the latrine or 
behind the latrine if preferred, 15' ^2' by 3' 
deep. The bottom 2 feet will be filled in with 
broken stone f" to iF in size and the remaining 1 
foot will be filled in with coarse sand. The whole 
trench will be sloped to a gradient of 1 in 30 away 
from the latrine as shown in the design. Pans : 
One iron pan will be provided for each seat and the 
position of the pans should be as shown in the 
design. Painting and tarring: The corrugated 
sheets and other iron work should be painted after 
erection with two coats of chocolate paint except 
the bottom 2 feet of sheets which may be painted 
with black paint. This painting should be renewed 
every two years. The pans should be tarred when 
first made and the tarring should be renewed every 
three months. Drainage : All the sullage water and 
the washings of the latrine should be carried away 
by drains built along the rear wall of the latrine and • 
by the drain inside the latrine to the filter trenches 
located at each end of the latrine or behind the 
latrine, if preferred. Estimated cost: The esti- 
mated cost varies from Es. 1,100 to Es. 1,600. 
General : The design for 18 seats was drawn up 
for Erode Municipality. Messrs. T. A. Ponnu 
& Co., Madras, have quoted Es. 810 for all iron 
work of this design delivered at Erode. The num- 
ber of seats of the latrine may be decreased to suit 
local lequirements. . 


Abstract Of Quantities For A Latrine Of 
18 Seats: Plates 17 And 18. 


Qaantity, 

Description of work, 

663 0. ft, 

Earthwork, excavating foundations, 

203 „ 

Eilling in basement with clean sand. 

63 „ 

Concrete, broken stone in surkhi mortar. 

693 „ 

Brickwork in surkhi mortar. 

646 sq. ft. 

Plastering wiih cement., |" thick. 

200 „ 

Flooring with ]|" Ouddapah slabs on 4* 
concrete including pointing with 
cement to the full depth of slab. 

64 „ 

Flooring with Ij" Cuddapah slabs and 
^Trinted with cement. 

47 „ 

Ouddapah slab, l|" thick. 

120 0. ft. 

Broken stone from f" to IJ" for filter 


trench. 

No. 1 

Latrine of 18 seats with corrugated iron 
walling, roofing with T iron rafters, 
L iron reapers, buckets, finials, etc., 
complete. 

Erecting latrine. 

2,584 sq. ft, ... 

Painting corrugated iron sheets on 
either sides. 

Sundries. 

Total Es. ... 


A Cheap Open Corrugated Iron Latrine Of 
6 Seats: Plates 19 And 20. 

In the above plates, is illustrated the type design 
No. 149 issued with proceedings of the Madras 
Sanitary Board, No. 55-S., dated 24 i-1914. The 
specification report which accompanied this design 
was as follows : General : The latrine will be in 
two compartments of three seats each with corrugat- 
ed iron partitions 2' 3" x i' 0" between each seat 
having an entrance in front for each compartment. 
The dispositions of the compartments, seats, parti- 
tions and steps shall be as shown in the design. 
Foundations will be brickwork in obunam, two feet 
deep in the case of all walls and concrete, broken 
brick in chunam, 2 feet deep in the case of the 
space enclosed within the retaining walls of seats. 
Stone or concrete may be used for foundation if 
this is found to be cheaper and advisable. The 
depth of the foundations will vary according to the 
nature of the soil. Basement will be brickwork in 
chunam 1 foot 6 inches high. Stone may be used 
for the basement if that is found to be cheaper. 
The filling in of the basement should be with 
the excavated earth. Superstructure will be 
of 20 B. W, G. galvanized corrugated iron sheets 
and 2" X 2" X J" angle iron pillars fixed on 
stone slabs 6" X 6" x 4" and supported by 
IF X iF angle iron stiffeners. The height of the 
walling, the division into compartments together 
with the partitions of seats, should he as shown 
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in the design. Flooring will be of Cuddapah 
slabs 1| inches thick laid over a levelling course 
of 4 inches concrete, broken brick in chunam 
with a slope of 1 in 10 towards the trench and all 
joints shall be pointed with the best quality Port- 
land cement to the full depth of tbe slab. Seats : 
The space between the retaining walls of tbe seats 
above foundations will be filled in with concrete, 
broken brick in chunam and the liquid receiver 
rounded as shown in tbe section. For each seat a 
Cuddapah slab 2 feet 3 inches long and 10 inches 
wide will be imbedded in the concrete with a slope 
of 1 in 4 also towards the trench and the concrete 
sides shall be carefully rounded with best Port- 
land cement as shown in the design. Eaised stone 
slabs 11" X 4" in cement shall be provided to serve 
as foot-rests. Plasteiing will be half an inch thick 
with best Portland cement mortar 3 to 1 to all 
surfaces of brickwoik in basement. Trench: In 
rear of the seats there will be a trench 13 feet by 2 
feet and 1 foot deep with a suilable embankment 
on its three sides and filled with sand as shown in 
tbe design. The object of sand in tbe trench is for 
the efficient filtration of sullage water. The sand 
which is considered to be tbe best as well as the 
cheapest filtering medium should be periodically 
renewed when it is seen to be choked which will 
be evident when the sullage water dees not soak 
beneath the surface of tbe sand. Painting : All 
iron work shall be painted with two coats inside 
and outside of good zinc or lead paint chocolate 
colour. Upkeep of latrine : The liquid will run on 
to the trench and soak into the sand bed provided 
for the purpose. The solid excreta will be daily 
removed by a sweeper who will use a mamooby 
for that purpose and at the end of the operation 
will sprinkle sand in each compartment. Cost : 
The cost of latrine shown on the drawings will 
vary from Es, 280 to Es. 420 or cost of each unit 
will vary from Es. 47 bo Es. 70. 


Abstract Of Quantities For A Cheap Open 
Corrugated Iron Latrine Of 6 Seats: 
Plates 19 And 20, 


Quantity. 

Description of work. 

249 0. ft. 

Earthwork, excavation and filling in 
basement. 

33 „ 

Concrete, broken vitrified bricks in 
chunam. 

199 „ 

Brickwork, third sort, in chunam in 
foundation and basement. 

119 fiq. ft. ... ! 

Plastering with cement thick, 1 : 3. 

104 „ 

Flooring with Cuddapah slabs thick 

without concrete and pointing with 
cement to the full depth of the slab, 


Quantity. 

Description of work. 

12 No. 

Cuddapah slab foot-rests including 
setting, etc. 

26 c. it. 

Sand-filliDg. 

Forming bund with excavated earth. 

15 No. 

1 

Cutstone slabs under posts. 

1 Walling with 20 B.W.G. galvanized iron 
sbeetp (corrugated) with angles X 

battens and posts 


including rivets, etc,, complete. 

1 687 sg. ft. ... 

Painting, two coats with lead paint, 
Sundries. 

Total Rs. ... 


A House Latrine Of One Seat: Plate 21. 


In the above plate, is illustrated the type design 
No. 101 issued with proceedings of tha Madras 
Sanitary Board, No. 150-S., dated 30-4-1907. The 
specification report which accompanied this design 
was as fellows: Amount of estimate, Es. 14. 
General: The design is for a single seat house 
latrine for a native house. Tbe latrine proper 
measures 2" 7" X 2" 6". In front of the seat is the 
washing plabfoim which measures 2" 7"x2" 0". 
It is nob proposed to roof the latrine. 2. Founda- 
tions, basement and superstructure: Provision has 
been made for brickwoik in clay. If rubble is 
cheaper than biickwoik the work may all be done 
with the foimer material. 3. Flooring : Tbe latrine 
seat consists of a cutstone specially out as shown 
in plan. As regards the washing platform the 
flooring will be of 2" Cuddapah slabs laid on 4" 
chunam concrete and neatly pointed. 4. Inside 
and outside face of walls will be plastered with 
chunam, 2 conts, except for the first 2 feet from 
floor inside. The inside face of walls 2 feet high 
from floor should ba plastered with cement. If 
the walls are of coursed rubble tbe face of the walls 
should not be plastered, but the joints should be 
neatly pointed with cement. 5. Door and lintel 
over door : These will be of country wood and of 
the dimensions detailed in the estimate. 6. Paint- 
ing : The door and the lintel over it will be painted 
with tar 2 coats. 7. Drainage: Tbe sullage water 
and the washings of the latrine should ba carried 
away by drains as shown, and led on to street 
open drains or to a filter pit in a garden. 


Abstract Of Quantities For A House Latrine 
Of One Seat: Plate 21. 


Quantity, 

Description of work. 

46 0. ft. 

3 » 

7 „ 

4 

Earthwork, excavation. 

Filling in with good earth, 

Concrete in chunam. 
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Quantity. 

Description of work, 

144 0. ft. 

Brickwork in mud. 

227 sq. ft. 

Plastering with ohunam, 2 coats. 

54 „ 

Plastering with cement, thick. 

5 „ 

Plooring with 2* Ouddapah slabs over i'' 
ohunam concrete and pointed. 

6 

Ouddapah slabs, 2* thick. 

2'78o. ft. 

Outstone work. 

0*6 „ 

Country woodwork. 

10 sq. ft. 

Door (2' X 4f|') country wood with a 
single batten shutter including hooks, 
hinges, eto., complete. 

iNo. 

Iron pan complete. 

11 sq. ft. 

Tarring door and lintel over it. 

Petty charges. 


Total Bs. 


Latrine For An Out-patient Dispensary : 
Plate 22. 

la the above plate, is illustrated the type design 
No. 148-A issued with proceedings oi the Madras 
Sanitary Board, No. 918-S., dated 19-12 1913. 
The specification report which accompanied this 
design was as follows; Foundations; A depth 
of 2 feet is provided, the lower 1 foot being 
concrete broken brick in lime mortar and the 
upper 1 foot being of brick in lime mortar. 
The required depth and width will be settled 
locally according to the nature of the soil. 
Walling: Oonstruct the walls of ground moulded 
brick in lime mortar, in English bond according 
to the thickness shown upon the drawing 
Woodwork : The scantlings provided in the 
quantities for the timber throughout are suited to 
well seasoned Erool (Xylia dolahrifomis} or Pil- 
laimarudu {Terminalia pankulata). All timber 
should be free from shakes and other defects and 
sawn die square. Roofs : Cover the roofs with plain 
Mangalore tiles on teak reepers. Flooring : Pave 
the floors with 4 inches of concrete rendered with 
Portland cement J" thick. Finishing : The whole 
of cistern in rear and the interior walls of latrine to 
a height of 3 feet from floor level to be rendered 
with Portland cement Y thick. Cover the remain- 
ing portion of interior walls and all the exterior 
walls with one coat of lime plaster and two coats 
of whitewash. All roof timbers will have two coats 
of tarring. Cost : The building shown upon the 
drawing is estimated to cost from Es. 350 to 
Bs 4 525 according to looality. 


Abstract Of Quantities For A latrine for 
An Out-patient Dispensary : Plate 22. 


Quantity, 

Description of work. 

369 c. ft. 

Excavation for foundations, 

19 „ 

Eiiling in bisement with earth. 

167 „ 

Concrete, broken brick in lime mortar. 

119 „ 

Brick in lime mortar, foundations. 

514 „ 

Brick in lime mortar, superstructure. 

74 pq, ft. 

Hnney-comb tiled work. 

16 r. ft. 

Brick cornice work including finishing. 

9-93 0. ft. 

Timber, wrought and put up. 

221 sq.ft. 

Roofing with plain Mangalore tiles in- 
^ eluding teak reepers complete. 
Eevellmg course of concrete i* thick. 

93 sq. ft. 

93 sq. ft. 

Rendering with Portland cement thick. 

678 sq. ft. 

Plastering with lime mortar, one coat 
including two-coats of whitewash. 

285 „ 

Rendering with Portland cement 1" thick. 

L. 8. 

Tarring rafters and wall plates. 

16 r, ft. 

Masonry drain in rear of latrine, leading 
water to cistern in rear, including 
finishing. 

No, 1. 

Wooden trap door for cistern. 

No. 1. 

Iron bucket. 

No. 4. 

Iron pans. 

No. 1. 

Iron tube in wall of cistern. 

Petty supervision at 2^ per cent. 
Contingencies at 5 per cent. 

Total Rs. 


A Conservancy Latrine : Plates 23 And 24. 


In the above plates, is illustrated the design for 
a Conservancy Latrine issued by the Government 
of Madras. The specification report which ac- 
companied this design was as follows: General: 
The latrine will be in two parts of eight seats 
each ; one part will be for males and the other 
part for females. There will be four entrances 
to the latrines, two for each part. The general idea 
of the latrine is a masonry structure supporting a 
floor at a height of four feet above ground. The 
floor of the latrine is proposed of a stone slab or 
reinforced concrete slab according to the local 
material available. Each seat is provided' with the 
usual partition walls, the space available between 
them being 2' 3". In the slab floor there will be a 
hole 14" long and 9" wide. The two parts of the 
latrine are built back to back with a conservancy 
passage six feet wide between them, and a suitable 
screen wall at each end to hide the view of the 
latrine from passers-by. The principle of the latrine 
is as follows. The position of the stone slab for 
the floorings with a sufficiently large hole 14" x 9" 
will result in the interior of the latrine being kept 
perfectly clean and unobjectionable. All liquids 
and Solids will be passed through the hole in the 
floor and will fall on a small bean of sand at ground 
level underneath these seats. The liquid will soak 
into -the < saud and will usually evaporate and the 
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solids will be removed daily by means of a mamooty 
and a basket, and a conservancy oart will pass 
through the six feet passage between the latrines. 
The only periodical requirement of the latrine will 
be a supply of fresh sand which can be thrown in 
the space under each seat. Where fresh sand is not 
available then dry earth can be used with advant 
age. In designing the latrine, the object in view is 
to attempt to design a latrine which each user 
would find clean and unobjectionable despite the 
inattention of the conservancy staff which is usually 
evident at present with latrines in which pans are 
provided. The principle is a reversion to the old 
style of closet which was used in England within 
the last thirty years and is still ified in out of the 
way places- Foundation : The foundation will be 
2' 6'' deep composed of broken stone or brick in 
chunam. Between the concrete and ground level 
the walls will be built of brick in mud. The depth 
of the foundation will vary according to the nature 
of the soil, but in ordinary situations the depth, 
m, 2' 6" would be ample. Basement : The base- 
ment will be 3’ 8" high built of brick in mud. The 
filling in of the basement will be of dry earth or 
Band as locally available. Superstructure: The 
superstructure will be of 9" walls of brick in mud. 
The partition between each seat will be 4i" thick, 
also of brick in mud. Flooring : The floor of the 
latrine will consist of stone slabs, 4" thick 
provided with a hole in the position shown, measur- 
ing 14" X 9". Tbe slight depression in the stone 
slab which will require to be cut out will act as a 
drain when the floor of the latrine is rinsed with 
water for occasional cleansing. In places where 
stone slabs are not available, reinforced concrete 
slabs made with expanded metal, broken stone J" 
gauge and cement mortar will be used instead. 
These slabs can be made on the ground and lifted 
into place as in the case of stone slabs. Access: 
Toe access to the latrine- should be provided at each 
end, that is to say, there will be two entrances to 
each part, two for males and two for females. 
The inside surface of the latrine shall be plastered 
with cement mortar and the outside surfaces shall 
be plastered with chunam mortar as provided in 
the sehedula of quantities. Screen wall : The two 
parts of the latrine each consisting of eight seats 
shall be built six feet apart, this space forming 
a conservancy passage and at end of the passage 
there shall be a screen wall in the position shown. 
Cleaning of the latrine : Tbe latrine shall be cleans- 
ed as described under paragraph “ General " above 
and the floor shall ba occasionally washed out with 
water. Tbe washings from the floor will escape by 
the drain shown in the plan to a small filter well 
where they will soak into the ground. Cost of the 
latrine; At Madras rates the latrine is estimated 
,to c ost Bs. 1>02Q or at the rate of 64 per seat. 


Abstract Of Quantities For A Conservancy 
Latrine ; Plates 23 And 24. 


Quantity. 

Description of work. 

531 c. ft. 

' Earthwork, eicavation. i 

644 „ 

Concrete, broken bricks in chunam. ! 

660 „ 

, Brickmasonry inchunamin foundaiion. 

956 „ 

Brick masonry in chuoam in basement. 

799 „ 

■ Brick masonry in mud in superstructure 

597 sq. ft. 

; Plastering with cement, | inch thick, 1;3- 

!2.773 „ 

' Do. chunam, 1 coat. 

301 „ 

B'’our inch stone flooring and pointing 
with cement. 

Sum 

1 Connecting pipe, etc. 

: ilaking holes and forming drains in 

I stone slabs. 

Sum 

Sum 

; Pilling in with broken bricks, etc., in 
; filter well. 

... 

Sundries. 

! Total Es. 


Corrugated Iron Latrines : Plates 2S to 28. 

In the above plates are illustrated two designs 
of latrines issued by Mr. W. Hutton, Sanitary 
Engineer to the Goveromeut of Madras for certain 
local bodies in the Presidency of Madras. The 
specification report which accompanied this design 
was as follows : 1. Design : The designs show 
two alternative types as follows : A. Single Type, 
with roof (plates 25 and 26). B. Double Type 
with roof (plates 27 and 28). The single type is in- 
tended for use by one sex of people only, and tbe 
double type by both the sexes. 2. General arrange- 
ment: The single type latrine shows 18 seats 
arranged in a single row ; the double type is divided 
into two compartments of 9 seats each by a parti- 
tion wall 6 feet high. Each seat will be separated 
from tbe other by a partition wall 3^ 9" high piovid- 
ed with also a half door 3 feet high in front of each 
seat to secure privacy. The disposition of the seats, 
entrances, partitions, &e., will be as shown in tbe 
designs. 3. Foundations will be 2 feet deep in 
the case of walls on the three sides of the latrines as 
well as for T iron pillars ; and l'-3" for the rear walls 
of the latrines and for the retaining walls. Tbe 
whole depth of the foundations will be built of brick- 
work in surkhi mortar or if preferred the bottom 18" 
may be filled in with concrete. The depth of the 
foundations will vary according to the nature of the 
soil. If random rubble in surkhi mortar is cheaper 
than brickwork, the foundations may be built of tbe 
former. 4. Basement will be 1' 6" high of brick- 
work in surkhi mortar. In places where stone 
masonry is cheaper the basement may be built of 
coursed rubble, first sort, in surkhi mortar. 5. Filling 
in of basement will be with sand, 6. Walling 
will be of 22 B.W.G, corrugated iron sheets fixed to 
T and angle iron pillars and stiffened by angb 
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irons as shown on plans. A space of 3 inches 
should be left; between the floor of the latrine 
and the bottom of the corrugated iron walling to 
admit of free circulation of air at the floor. 
7. Flooring will be of Ouddapah slabs li" thick 
laid on a tevalling course of 4" surkbi concrete 
and pointed with good Portland cement to the full 
depth of the slab. 8. Roofing will be of 22 B.W. 
G. corrugated iron sheets laid on T iron rafters sup- 
ported by angle iron purlins. The other arrange- 
ments and fastenings, etc., of the roof are shown on 
the plans. There will be two iron finials one at 
each eud of the roof. 9. Pans : One iron pan will 
be provided under each seat, as shown on the plans, 
in a recess formed to receive it. The pan is prevect- 
ed from being pushed in too much by means of two 
vertical stops built in masonry. Tne pans should 
be tarred when first made and the tarring should 
be renewed every three months. The broken pans 
should be immediately replaced by new oces, and 
for this purpose a stock of spare pans should be kept 
and equal to about one-third the total number in use. 

10. Filter Trench : There will be two filter trenches 
one at each end of the latrine as shown on the plans 
The filter trenches consist of a single row of 3" 
open jointed stoneware pipes surrounded by broken 
stones f" to Ij" in size. The length of 15 feet for 
each trench shown on the plans is expected fco be 
found sufficient in ordinary porous soils such as 
sandy or gravelly. The length may, however, be 
increased to suit any particular soil as determined 
by trial. The trenches will not give satisfactory 
results in clay soil : in this case, two filter wells may 
be substituted, the same being carried down to 
porous soil below clay, provided the maximum 
subsoil water level is below the top of porous soil. 
In cases where either of the above methods is not 
practicable, the disposal of the sullage from the 
latrine should be arranged in consultation with 
the District Medical and Sanitary Officer, the 
Sanitary Commissioner and the Sanitary Engineer. 

11. Painting : The corrugated iron sheets and other 
iron work should be painted after erection with two 
coats of chocolate paint except the bottom two feet 
of the sheets which may be painted with black 
paint. The painting should be renewed at least 
every two years, 12. Drainage : All the sullage 
water and the washings of the latrine will be 
carried away by the drains built along the rear wall 
of the latrine and along the front of the seats to the 
filter trenches located at each end of the latrine. 
13. Estimated Oost : The estimated costs of the 
different latrines vary as follow according to the 
locality: (Plates 25 and 26) Single type with roof 
from Rs. 1,740 to 2,610. (Plates 27 and 28) Double 
Type with roof from Rs. 1,730 to 2,595. 14. Mis- 
cellaneous: {a) Number of seats to be provided : In 
Proceedings of the Sanitary Board No. 23/S dated 


8th January 1915, the number of seats per thousand 
of population has been fixed at 32 in two latrines of 
16 seats each (8 for males and 8 for females) in 
different localities. The number of seats may be 
fixed in accordance with the above, [b) General 
upkeep of latrine : In order to ensure satisfactory 
working, it is of utmost importance that the latrines 
should be cleaned and washed two to three times 
a day and for this purpose sufficient staff should be 
employed. 


Abstract Of Quantities For A Corrugated 
Iron Latrine (Single Type) With Roof. 
PJ;p.tes 25 and 26. " 


Qaantily, 

Description of work, 

548 c. ft. 

Eirfcbwork, excavating foundation, 

U8 „ 

Filling in basement with clean sand.” 

62 „ 

Concrete, broken stone in surkbi mortar. 

no „ 

Brick in surkbi mortar. 

605 sq. ft. 

Plastering with cement, f" thick. 

200 „ 

Flooring with 1^" Ouddapih slabs on 4" 
concrete inolading pointing with 
cement to the full depth of slab. 

64 „ 

Flooring with IJ* Cuddapab slabs and 
pointed with cement. 

47 „ 

Cuddapab slabs thick. 

4'fi4 0. ft. 

Outstone work. 

16 No. 

d" stoneware pipes. 

30 0. fc. 

Broken stones, f" to 1|'" 

iNo. 

Latrine of 18 seats with corrugated iron 
walling, roofing with T iron rafters L 
iron reepers and doorways in front of 
seats including pans, finials, etc., 
complete. 

Erecting latrine. 

2845 eq. fs. ... 

Painting corrugated iron sheets, both 
sides. 

Iron grating. 

Oontingenoies and petty supervision @ 

Total Bs, ... 


Abstract Of Quantities For A Corrugated 
Iron Latrine (Double Type) With Roof. 
Plates 27 and 28. 


Quantity. 

Description of work. 

537 0, ft. 

Earthwork, excavating foundation. 

130 

Filling in basement with clean sand. 

65 „ 

Concrete, broken stone in surkbi mortar. 

709 „ 

Brick in surkbi mortar. 

560 sq. ft. 

Plastering with cement |* thick. 

190 

Flooring with 4'' Cuddapab slabs on 4"' 
ooaorate inciuding pointing with 
cement to the full depth of slab. 

64 „ 

1 Flooring with 1^* Cuddapab slabs and 
pointed with cement. 
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Quantity. 

Description of work. 

47 sq. ft, ... 

Cuddapah slabs, thick. i 

4’84c. ft. ... 

Outstone work. 

16 No. 

S” stoneware pipes. 

80 c. ft, 

Broken stones from 1" to 1|'. 

iNo. 

Latrine of 18 seats with corrugated iron ! 
waning, partition, roofing with T iron J 
rafters, angle iron reapers including ; 
pans, etc., complete. 

Erecting latrine. ; 

2828 sq. ft. ... 

Painting corrugated iron sheets, both , 
sides. 

Iron grating. 

Contingencies and^jetty supervision at 1 

m ; 

Total Es. ... ; 


A Flush Latrine With Three Seats : Plate 29. 

Iq the above plate is illustrated the type design 
No. 105 issued with proceedings of the Madras 
Sanitary Board, No. 145- S, dated 20-3*1909. The 
specification report which accompanied this design 
was as follows : 1. The design consists of (1) the 
latrine proper with three seats with corrugated iron 
partitions and a passage in front, (2) an elevated 
iron tank of twenty gallon capacity to flush the 
latrine, (3) a washing platform and (4) a syphon 
trap and a ventilating shaft in the outlet pipe. The 
dispositions of latrine, iron tank, platform, etc., and 
the arrangements of seats, drain, etc., should be as 
shown in the design. 2. Foundation and base- 
ment : The foundation of the retaining walls, etc., 
will be 2 feet deep, the bottom 9 inches of which 
will consist of surkhi stone concrete. The walls in 
foundation (abo7e concrete) and in basement will 
be built with brick in surkhi mortar. In places 
where coursed rubble work is cheaper than brick- 
work, the former may be substituted for the latter. 
If the nature of soil is loose the depth of foundation 
should be increased. 3. Seats and flooring; The 
flooring will be with Cuddapah slabs laid on 4 inches 
of concrete and pointed with cement to the full depth 
of the slabs. Bailed stone slabs, 12" x 5", set in 
cement are provided for foot rests. The slabs in 
each compartment will be in two blocks which are 
so laid as to have a f" slope towards centre, 
where there will be a chisel cut V drain leading 
towards the opening. The passage also will be 
sloped towards the seats. The urine receiver will 
be dished in the form of W. 0. pan. 4. Drain below 
seats will be in the form of 9 inches open drain 
and will be built in concrete with a slope of 1 in 
100, plastered with cement and covered with 
‘Cuddapah slabs as detailed above. 5. Superstruc- 
ture, and roofing will be of corrugated iron sheets 
fixed to angle iron posts, rafters, etc. The posts 


should be carried deep into the foundation in con- 
crete. 6. Flush knk: A galvanized W.I. automa- 
tic flushing tank of 20 gallons eanacity as per figure 
No. 266 on nage 103 of Ham Baker’s catalogue of 
January 1905, is provided to flush the laH'ine. It 
will be supDorted on angle iron hcrizontals which 
should be fixed to the angle iron posts around the 
washing platform. These posts will be of larger 
dimensions than others to bear the extra weight of 
the tank. The inlet pice will he 1 J inches in size. 
7. Washing platform will be 2' 6" x 2' 1" and con- 
sists of Cuddapah slabs on concrete and will be in 
two blocks sloping towards the centre and towards 
the opening into the drain below. There will be a 
tap in the platform, which will have connection 
with the inlet pipe of the tank. The branch pipe to 
the tap will be in the form of a syphon. 8. Syphon 
trap : The outlet from the latrine will be 6 inches 
stoneware pipe and will pass through 6 inches syphon 
trap and pipe into the nearest street sewer. If 
possible 9 inches syphon trap and pipe may be sub- 
stituted for 6 inches ones. There will be a ventilating 
shaft fixed to the pipe leading from the syphon 
trap. 9. The estimated cost of the design varies 
from Es. 400 to Ks. 600. 

Abstract Of Quantities For 5 Flush Latrine 
With Three Seats: Plate 29. 


Quantity. 

Description of work, 

147 c. ft. 

Earthwork, excavating foundations. 

S9 „ 

Concrete, broken stone in surkhi mortar. 

lid M 

Brickwork in surkhi mortar. 

DS. 

Arcbwork. 

284 sq. ft. 

Cement plastering, thick. 

27 „ 

Flooring with 2* Cuddapah slabs pointed 
with cement to the full depth of slab. 

33 „ 

Flooring with 2" Cuddapah slabs on L 
concrete including pointing with 
cement to the full depth of slab. 

LS. 

Labour for making holes in Cuddapah 
slabs for seats and for pipes. 

891 lbs. 

Angle iron work* 

256 sq. ft. 

Corrugated iron sheets {20 B.W.G.) for 
walling, roofing with bolts, nuts and 
washers including hook bolts, etc., 
complete. 

14 1, ft. 

6* Stoneware pipes. 

No. 1 

6* Stoneware syphon pipe. 

6" X 4" stoneware branch. 

Sewer ventilating shaft, 4* internal 
diameter, with oast iron ground base 
with Ij" deep bolts and welded tube 
including coronet and copper wire cage 
as pet No. 498, page 124 of Messrs. 
Ham Baker & Co.’s catalogue of 1905. 
Height out of ground 10 feet. 

421. ft. 

Supply and delivery of ll" wrought iron 
galvanised tubes. 

No. 3 

1^" wrought Iron galvanised couplings. 
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Quantity. 

Description of work. 

No, 2 

IJ'xll'' wrought iron galvanised knees 


or elbows, 

» 1 

branch. 

„ 1 

1 wrought iron galvanised syphon pipe. 

„ 1 

IJ"' to r reducing coupling. 

„ 3 

r wrought iron galvanised bends. 

„ 1 

1^" stop cooks. 

„ 1 

Wrought iron mouth pipe. 

« 1 

i'' discharge cock. 

H 1 

Messrs. Ham Baker’s galvanised wrought 


iron “Municipal” automatic flush 
tank, 20 gallon capacity with vertical 
outlet and bend pipe complete. 

... 

Laying and jointing pipes, stop cocks 


and jointing stoneware pipes and 
fixing ventilating shafts, etc. 

... 

Petty charges, 


Total Es. ... 


Flush Out Latrine: Plate 30. 

In the above plate is illustrated a design of a flush 
out latrine as designed by Mr. Madeley, Special 
Engineer, Corporation of Madras. This design was 
redrawn for the requiremants of Local Bodies in the 
Presidency of Madras by Mr. W. Hutton, Sanitary 
Engineer to the Government of Madras and his 
specification report accompanyiog this design was as- 
follows: 1. The design consists of (1) the 
latrine proper with three seats separated from each 
other by a 3" partition wall and open in front, (2) a 
passage 2' 6" wide in front of the seats with a door 
at one end for entrance, (3) a washing platform at 
the end of the latrine away from the entrance, with 
a tap, (4) an elevated automatic flush tank of 20 
gallons capacity at one end of the latrine, inside, 
(5) ablution taps at each seat and (6) an intercepting 
trap at the end of the 6" S.W. pipe provided with 
an inspection chamber with cast iron light cover. 

2. Foundations: A depth of 2' 6", is provided, the 
lower 12 inches being of broken stone in surkhi 
mortar and the upper 1' 6", brick in surkhi mortar. 
The depth and width of the foundations will be 
settled locally according to the nature of the soil. 

3. Basement : Brick in surkhi mortar, six inches 
high. 4. Walling : Walls and oornice will be built 
of brick in surkhi mortar. 5. Seats and flooring 
will consist of cement plastering on concrete con- 
sisting of broken stone in surkhi mortar with a 
hole opening into the stoneware pipe line below. 
The flooring in each compartment will have a f 
inch slope towards the centre; and the passage 
will be sloped towards the drain running against 
the outer wall The urine receiver will be dished 
in the form of a water closet. 6. There will 
be a row of 6" S.W. pipes laid below the 
seats to lead off the contents of the closet and 
ivashings towards the intercepting trap. 7. Flush 


tank ; A galvanised wrought iron "automatic "flusTi 
tank of 20 gallon capacity is provided to flush the 
S. W. pipe line below the seats. It will be sup- 
ported by a wooden bracket fixed to the wall. 
8. Washing platform will be of the form shown 
on the plan. The washings from the same first run 
into a silt catcher and thence into the stoneware 
pipe below. There will be a tap at the washing 
platform. 9. Intercepting trap and inspection 
chamber: The 6" S.W. pipe line ends in an 
inspection chamber, 2'x2', provided with a oast iron 
light cover from which the contents will pass 
through a 4" intercepting trap towards the street 
sewer or other disposal works. 10. Finishing : 
External and internal walls will be plastered with 
Portland cement, i" thick. 11. Cost; The esti- 
mated cost of the design varies from Es. 320 to 
Rs. 480. 12. Alternative arrangement for flush- 
ing : In this ease the galvanised iron flush tack 
is omitted and a tipping bucket is provided near 
the washing platform. Into this bucket the spill 
water from the washing place will run. 13. The 
estimated cost of this arrangement varies from 
Es. 310 to Es. 465. 


Abstract Of Quantities For A Flush Out 
Latrine : Plate 30. 


Quantity. 

1 

Description of work. 


Flush out Latrine, with automatic 
flashing tank. 

174 0. ft. 

Earthwork, excavating foundations, 

101 „ 

Oonorete, broken brick in surkhi, 

258 „ 

Brickwork in surkhi mortar. 

629 sq.ft. 

Plastering with cement, 1" thick. 

^3 „ 

Roofing with plain Mangalore tiles. 

2’30 0. ft. 

Teak timber, wrought and put up, 

58 sq.ft, 

Painting woodwork with Imperial zinc 
white. 

INo. 

Teak wood self closing light door with 
frame, hinges, springs, etc., complete. 

10 r. ft. 

Zinc sheet gutter. 

2 No. 

Wrought iron gutter holders, 

4 No. 

6" stoneware pipes. 

3 No. 

6* X 6" stoneware branches. 

1 No. 

Stoneware intercepting trap. 

1 No. 

Oast iron light cover with frames, etc , 
complete. 

1 No. 

Circular grating. 

1 No. 

4' stoneware silt trap including fixing. 

2 No. 

Teak wood bracket stand for flushing 
tank, 

1 No. 

Automatic flushing tank with flushing 
pipe, etc., complete. 

Sum. 

Wrought iron galvanized service pipe 
with taps, stopcocks including laying 
and jointing, etc., complete. 

Sum, 

Laying and jointing stoneware pipes. 

Sum. 

Forming drains, etc. 

Sundries. 

Total Bs. ... 
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ibstract Of Quantities For I Flush Out 
Latrine : Plate 30. 


Quantity, 

Description of wotk. 


Flush out Latrine, with tipping 
buckets. 

197 0. ft. 

Earthwork, eicavating foundations. 

115 „ 

CoQcrete, broken stone in surkhi. 

267 „ 

Brickwork in surkhi. 

648 sq. ft, 

Plastering with cement, thick. 

43 „ 

Roofing with plain Mangalore tiles, 

2*30 o.fc. 

Teak timber, wrought and put up. : 

58 sq. ft. ... 

Painting woodwoft with Imperial zinc! 
white. 

No. 1 

Teakwood self closing door with frame, ; 
hinges, springs, etc., complete, i 

10 r. ft. 

Zinc sheet gutter. 

No. 3 

Wrought iron gutter holders. ! 

•No. 4 

6" stoneware pipes. 

No. 3 

6' X 6" stoneware branches. | 

No. 1 

Stoneware intercepting trap. 

No. 1 

Cast iron light cover with frames, etc., 
complete. 

No. 1 

Circular grating. 

No. 1 

Tipping bucket. 1 

No. 1 

4* stoneware silt trap including fixing! 
wrought iron galvanized pipe with taps, { 
stop cocks including laying and joint- 1 
ing, etc., complete. j 

1 Laying and jointing stoneware pipes, etc. 
Forming drains. 

Sundries 

Total Es. ... 

1 


Flush Out Latrine: Plate 31. 

In feha above plate is illustrated a design of a flush 
out latrine as designed by Mr. Madeley, Special 
Engineer, Corporation of Madras. This design was 
redrawn for the requirenoents of Local Bodies in the 
Presidency of Madras by Mr. W. Hutton, Sanitary 
Engineer to the Government of Madras and his 
specification report accompanying this design was 
as follows : The design consists of (1) the 
latrine proper with three seats separated from 
each other by 3" ferro* concrete slab partition 
with an Indian closet basin or an English water 
closet basin with 3 gallons flush tank of the usual 
type above each basin, (2) a passage in front, 

(3) a self closing half-door in front of each seat, 

(4) an inspection chamber at the junction of the 4" 
S W pipe line conveying washings from the 
closets and 4" open drain in the passage respectively, 

(5) a ventilating shaft connecting with the inspec- 
tion chamber. 2. Foundations : A depth of 3 feet 
flinches is provided, the lower 12 inches being con- 
crete of broken stone in surkhi mortar and the upper 
2 feet 6 inches, brick in surkhi mortar. The depth 
and width of foundations will be settled locally 
accordipg to the nature of the soil 3. Basement : 


Brick in surkhi mortar, 6 inches high. 4, Wall- 
ing ; Walls and cornice will be built of brick in 
surkhi mortar. 5. Stone work : The lintels over 
connection pipe of basins will be provided with 
eutsfcone. 6. Woodwork: One of the timbers 
mentioned in Circular No. 2040-0., dated 27th 
April 1909 as applicable to Table I of Circular 
No. 234-0, dated 9fch January 1908 should be used. 
7. Door : Teak wood self closing flap door with two 
leaves is fixed with a clearance of 12 inches from 
the floor. 8, Roofing will be covered with plain 
Mangalore tiles. At the eave end, the roof is pro- 
vided with a wrought iron gutter. 9. Flooring 
will be of concrete rendered with Portland cement, 
thick. 10. Finishing: External and internal 
walls will be plastered with Portland cement, i inch 
thick. 11. Flushing tank : 3 gallons syphon flush- 
ing tank with chain and handle to work it by 
the user of the seats is provided in each compart- 
ment and it is supported on teak brackets. 
12. Cost : The estimated cost of the design varies 
from (1) when it is provided with English water 
closet Rs. 650 to Rs. 975, (2) when it is provided 
with Indian water closet Rs. 630 to Es. 945. 

ibstract Of Quantities For A Flush Out 
Latrine: Plate 31. 


Quantity, 

Description of work. 

288 0. ft. 

Earthwork, excavation. 

141 „ 

Concrete, broken stone in surkhi mortar. 

376 „ 

Brickwork in surkhi. 


Archwork. 

1 » 

Outstone lintels. 

740 sq. ft. 

Plastering with cement, thick, 

3'47 c. ft. 

Teakwood, wrought and put up. 

61 sq ft. 

Roofing with plain Mangalore tiles 
including teak rcepers. 

11 r. ft. 

Zinc sheet gutter. 

No. 3 

Teakwood bracket stand for syphon 
flushing tank including painting, 
fixing, etc. 

No. 3 

European Water closets including fixing. 

No. 3 

Syphon flushing tanks with flushing 
pipe, chain including fixing. 

No. 3 

Wrought iron gutter holders. 

No. 11 

4** stoneware pipes. 

No. 3 

4" „ slant branches. 

No. 3 

4* „ right angle branches. 

No. 4 

4* „ 1 bends. 

No. 3 

4'' „ { bends. 

No. 1 

4* „ silt trap. 

Sum 

Laying and jointing stoneware pipes, etc. 

No. 1 

Cast iron cover over silt trap including 
fixing. 

No. 1 

Cast iron light cover with frame, clear 
opening y4*X24^ including fixing, 
etc., complete. 

No. 3 

Teakwood self closing door including 


frame, springe hinges, etc., complete. 
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QuaDtily, 

Description of work, 

No. 1 

Ycntilatiog shaft, 20' out of ground, 
with cast iron ground base welded 
tuba including clamps, fixing, etc. 

Sum 

Wrought iron galvanized service pipe 
including stopcocks, fiDtings, laying, 
and jointing, etc , complete. 

116 sq, ft. 

i 

Painting, 2 coats with Imperial zinc 
white. 

Sundries 

Total Es ... 


Flush Out Latrine: Plate 32. 

In the above plate is illustrated a design for a 
flush out latrine as designed by Mr. Hutton, Sani- 
tary Engineer to the Government of Madras based 
on Mr. Madeiey’s design shown on date 30. The 
erecification report accompanying this design was 
as follows: The design consists of (1) the latrine 
proper with three seats separated from each other by 
a W partition wail and provided with a 9" screen in 
front of each seat. In lieu of the screen, self-closing 
half-doors may be provided, (2) a passage 3' wide 
in front of the seats, (3) a washing platform at 
the entrance with a tap, (4) an elevated automatic 
flush tank of 20 gallons capacity, (5) ablution 
taps at each seat, and (6) an intercepting trap at 
the end of the stoneware pipe provided with 
the usual inspection chamber and ventilating shaft. 
2. Foundations : A depth of 2 feet 6 inches is 
provided, the lower 12 inches being concrete of 
broken stone in surkbi mortar, and the upper 1 foot 
6 inches, brick in surkhi mortar. The depth and 
width of foundations will be settled locally accord- 
ing to the nature of tbe soil. 3. Basement: 
Brickinsurh hi mortar, 6 inches high. 4. Walling: 
Walls and cornice will be built of brick in surkhi 
mortar ; and 9" corrugated iron screen with angle 
iron frames is provided in front of seat. A clear- 
ance of 3" is given from the floor to the bottom of 
screen. 5, Seats and flooring will consist of cement 
plastering on concrete consisting of broken stone in 
surkhi mortar with a hole opening into theS.W. 
pipeline below. The flooring in each compartment 
will have a i" slope towards the centre, and the 
passage also will be sloped towards the seats. The 
receiver will be dished in the form of a water clo- 
set. 6. There will be a row of 2 stoneware pipes laid 
below the seats to lead the contents of the closet 
and washings towards the intercepting trap. 
7. Flush tank : A galvanized wrought iron automatic 
flush tank of 20 gallons capacity is provided to 
flush the stoneware pipe line below tbe seats. It 
will be supported partly on the walls and partly on 
a beam. The inlet pipe will be li" in size and 
outlet pipe 2|" in sim- 8. Washing platform 


will be 3' X 2'-7i". The washings from the same 
first run into a silt trap and thence into the stone- 
ware pipe below. There will be a tap at the washing 
platform which will be connected to the inlet pipe 
of the tank. 9. Intercepting trap and iospeeiion 
chamber: The 6" stoneware pipe line ends in an 
inspection chamber 2' X 2' provided with a cast iron 
light cover; from which the contents will pass 
through a 4" intercepting trap towards the street 
sewer or other disposal works. There will also be 
a 4" ventilating shaft, 20' high above ground level, 
in order to prevent sewer gas entering the latrine 
through the intercepting trap. 10. Finishing: 
External and internal walls will be plastered 
with Portland cement, thick. 11. Cost: 
The estimated cost of the design varies from 
Rs. 400 to Rs. 600. 12. Alternative arrangement 
for flushing: In this case the galvanized iron 
flush tank is omitted and a tipping bucket is provid- 
ed by the side of the washing platform. Into this 
bucket the spill water from the washing place will 
run. The chamber of the tipping bucket is covered 
over with Cuddapah slab. 13. The estimated cost 
of this arrangement varies from Rs. 350 to Rs. 525. 


Abstract Of Quantities For A Plush Out 
Latrine : Plate 32. 


Quantity. 

Description of work. 

204 0. ft. 

Earthwork, excavation. 

126 „ 

! Concrete, broken stone in surkhi. 

277 

Brickwork in surkhi mortar. 

670 sq. ft. .. 

Plastering with oement, thick. 



Corrugated iron sheet screen with angle 
JroQ frames, etc., including fixing, 

No. 2 

6" stoneware pipes. 

No. 4 

4" do. 

No. 3 

6" right branches. 

No. 1 

4* slant branch. 

No. 1 

4* intercepting trap. 

No. 1 

Cast iron circular grating. 

No. 1 

Oast iron manhole cover, clear opening 
24', including fixing. 

No. 2 

Teakwood brackets including fixing, etc. 

No. 1 

Automatic flushing tank with oast iron 
flushing pipe moluding clamps, fixing, 
etc. 

Wrought iron galvanized service pipes 
with taps, stopcocks including laying, 
and jointing, etc., complete. 

Laying and jointing stoneware pipes, etc. 

No. 1 

4' ventilating shaft with ground base 
(oast iron) welded tube, wire cage, wall 
clamp, fixing, etc., complete. 

Sundries 

Total Es. ... 


Flush Out Latrine : Plate 33. 


In the above plate is illustrated a design for a 
flush out latrine as designed by Mr. Hutton, 
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Sanitary Engineer to the Government of Madras 
based on Mr. Madeley’a design shown on plate 31. 
The specifioation report accompanying this design 
was as follows: The design consists of (1) the 
latrine proper with three seats separated from 
each other by 3" ferro-eoncrete slab partition 
walls and each seat is provided with an Indian 
closet basin or English water closet basin with 
a 3 gallons flusk tank of the usual type above 
each basin, (2) a passage in front, f3) a self 
closing half-door in front of each seat, (4) an 
inspection chamber at the junction of the 4" 
S. W. pipe line conveying washings from the 
closets and 4" open drain •in the passage 
respectively, (5) a ventilating shaft connecting 
with the upper end of the 4" S.W. pipe line. 

2. Foundations : A depth of 3' 6" is provided, the 
lower 12" being concrete of broken brick in surkhi 
mortar and the upper 2' 6", brick in surkhi mortar. 
The depth and width of foundations will be settled 
locally according to the nature of the soil. 

3. Basement : Brick in surkhi mortar, 6" high. 

4. Walling ; Wall and cornice will be built of brick 
in surkhi mortar. 5. Stone work : The lintels over 
connection pipe of basins will be provided with 
outstone. 6. Woodwork: One of the timbers 
mentioned in Circular No. 2040-0 dated 27th 
April 1909, as applicable to Table I of Circular 
No. 234-0 dated 9th January 1903 should be used. 
7. Door : Teak wood self closing flap door with 
two leaves is fixed with a clearance of 12" from 
floor. 8. Eoofing will be with plain Mangalore 
tiles. At theeave end, the roof is provided with a 
wrought iron gutter. 9- Flooring will be of 
concrete rendered with Portland cement, thick. 

10. Finishing : External and internal walls will 
be plastered with Portland cement, i" thick. 

11. Flushing tank : 3 gallons syphon flushing tank 
with chain and handle to work it by the user of 
the seats is provided in each compartment, and it is 
supported on teak brackets. 12. Cost : The esti- 
mated cost of the design varies from (1) when it is 
provided with English Water closet Es. 650 to 
Es. 975 ; (2) when it is provided with Indian Water 
closet Es. 630 to Es. 945. 


Abstract Of Quantities For A Flush Out 
Latrine : Plate 33. 


Quantity. 

Description of work. 

288 o.ft. 

141 o.it, 

376 o.ft. 

4 o.ft. 

1 o.ft. 

740 sq.ft. 

Earthwork, excavation. 

Concrete, broken stone in surkhi mortar. 
Brickwork in surkhi mortar, 

Arohwork. 

Outstone lintels, 

Plastering with cement, thick. 


Quantity. 

Description of work. 

.3 47c.ffc. 

Teakwood wrought and put up. 

61 sq. ft. 

Eoofing with plain Mangalore tiles 
including teak reepars. 

Hr. ft. 

Zinc sheet gutter. 

No. 3 

Wrought iron gutter hnWers. 

No. 3 ...; 

Teakwood bracket stands for syphon 
flushing tank including fixing. 

No. 3 ...j 

Indian closet basins including filing, etc., 
complete. 

No. 3 

Syphon fluShingtacks with flashing pipe, 
chain including fixing complete, 

No. 4 ...• 

4* stoneware | bends. 

No. 11 

4* stoneware pipes. 

No. 3 

4* „ slant branches. 

No. 3 , ... 

4" „ right angle branches. 

No. 3 ...^ 

4* „ I /a bends. I 

No. 1 

4" „ silt trap. j 

Sum 

1 

Laying and jointing stoneware pipes and 
specials. I 

No. 3 

Foot rests including fixing, 

No. 1 ...j 

Cast iron cover over silt trap including ! 

No. 1 

fixing. 

Cast iron light cover with frame, clear ' 

No. 3 

opening 24* x 24*. including fixing. 

Teakwood self closing doors including 
frames, spring hinges, etc,, complete. 

No. 1 

4* ventilating shaft, 20’ out of ground, 
with cast iron ground base welded tube 
including clamps, fixing, etc. 

Sum 

Wrought iron galvanized iron service 
pipe including stopcocks, fitting, 
laying and fixing, etc,, complete. 

116 sq. ft. ... 

i Painting, 2 coats with Imperial zinc 
white. 

No. 3 

Masonry sinks at seats. ‘ 


Sundries ... 

Total Es.... 


Colonel Smyth’s Indian Commode : Plate 34. 

In the above plate is illustrated the type 
design No. 154 issued with proceedings of the 
Madras Sanitary Board, No. 269-S., dated 
24-3-1914. The specification report which ac- 
companied this design was as follows : The 
design, plate 34, prepared after the model of 
Colonel Smyth’s Indian Commode can be adopted 
in all hospital and dispensary latrines. It can be 
used also for collecting samples of urine for 
purposes of analysis. It is obtainable from the 
English warehouse, Mount Eoad, Madras, at a 
cost of Es. 8. 

Urinals : Plates 35 And 36, 

.In the above plates is illustrated the type 
design No. 107 issued with proceedings of the 
Madras Sanitary Board, No, 125-S., dated 
22-6-1910. The specification report which ac- 
companied this design was as follows : The 
type design plan shows two urinals side by 
side, the floor level of both being 4'-3|" above 
ground level The object of having the floor level 
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of the urinals above ground is to ensure that the 
bucket receptacle will be above ground level so that 
in the event of spilling taking place it will be easy 
to thoroughly cleanse the ground around the urinal 
and by the addition of a little fresh sand or gravel 
render the surroundings as clean as when the urinal 
was first erected. In the cesspool style of urinals 
it is found that the cesspool being below ground 
level becomes extremely objectionable and that it 
is next to impossible to remedy this nuisance. It 
has therefore been proposed to have the floor of the 
urinal above ground level so as to get over the 
necessity for a cesspool pit. 2. The following is a 
specification of the urinal : The urinal to be in two 
compartments each measuring T'-fiF x 6' with 
walls of corrugated iron 6' high and no roof allow- 
ing the floor to be open to the sun and air. The 
walls to be supported by L uprights let into the 
concrete floor and L horizontals. The floor of the 
urinal to be above ground level and to 
be earned on 2 concrete arches as shown in plan 
and to be reached by steps. The depth of the 
foundations should be increased in loose soil. In a 
place where brickwork or random rubble is cheaper 
than concrete, the whole of the foundations may 
be built of either of them. The superstruc- 
ture may also be built of brickwork or coursed 
rubble, if found cheaper than concrete. The floor 
to be laid with Cuddapah slabs li" thick and the 
centre of floor of each compartment to have a urinal 
pan built of white glazed tiles with a border of white 
glazed bricks. The top row of bricks to project 4 
inches above floor level and to be used as a foot 
rest. The white glazed tiles to be laid with a 
slope as shown in the plan towards a vertical Ij 
inch galvanized pipe 2' long discharging into a 
bucket 15" high and 12" diameter resting on the 
ground. 3. A screen wall to be placed 2' from 
front of urinal as shown in plan to screen bucket 
from observation. 4, The top of foot rests to be 4 
inches above floor level and the bottom of corrugat- 
ed iron to be i inch only above floor to prevent 
observation from outside but allow of escape of 
rain and flush water, 5. The estimated cost of the 
two urinals will vary from Es. 270 to Es. 405 
according to locality. 

ibstract Of Quantities For A Urinal : Plates 
35 And 36. 


Quantity. 

Description of work. 

161 0. ft. ... 

463 „ 

66 „ 

m £q. ft. ... 

136 „ 

Earthwork, excavation. 

Concrete, in suikhi mortar. 

Brickwork in mortar. 

Plastering with suikhi mortar, thick. 
Flooring with Cuddapah slabs and 

pointing with cement. 


Quantity, 

Description of work. 

333 sg, ft, ... 

Corrugated iron sheet walling including 
angle iron supports and fixing. 

361. ft. 

White glazed bricks, thick and fixing 

in cement. 

4 sq.ft. ... 

Flooring with white glazed tiles on 
cement, thick. 

2 No, 

1 

3^* galvanized wrought iron pipes, 2' 

1 long including fixing. 

2 „ 

1 Galvanized iron buckets, 15" high and 12" 
diameter. 

666 sq. ft. ... 

Painting, two coats with ohooolate colour. 
Special charges for planking the concrete 
#bove ground level and centering, 
Contingencies. 

Total Ra. ... 


Temporary Latrines. 

It is advisable that at all famine camps and fairs 
and festivals, there should be recognized places for 
defecation, provided with water for ablution, and 
that means should be employed to ensure that such 
sites be uniformly used. For such temporary con- 
gregations of men, permanent latrines are out of the 
question. Moreover it is no easy task to get suffi- 
cient number of scavengers for emergencies like this; 
hence latrines of a temporary character and such 
as would ensure the disposal of fseeal matter with- 
out handling must be employed. This can be pro- 
vided for by the use of the trench system. One 
incorrect principle in making these trench latrines 
must be provided against. There is a tendency to 
make them deep and wide in the belief that labour 
and expense would be saved thereby. Thus it is not 
uncommon to see trenches made 3 feet wide and 3 
feet deep. Such trenches can only be employed by 
persons squatting at the edge and it has frequently 
occurred that the earth has given way or that 
the persons have over-balanced themselves, with 
serious consequences. But safety and convenience 
are not the only reasons why these huge excava- 
tions should be avoided. It has already been stat- 
ed that nitrification proceeds actually only within 
the first 12 inches of soil and that indeed the 
most active change occurs within the first 6" 
from the surface ; consequently it is well where 
the final burial of the fseeal matter is contemplated 
to use at no time a depth exceeding 12". As regards 
breadth, trenches should not be broader than 9", this 
being the usual size from heel to heel of an Indian. 
Squatting : With this limited breadth, instead of the 
person using the trench sitting at the side, the posi- 
tion assumed should be that of squatting direct 
across the shallow trench ; the result is that both 
feces and urine are received into the trench and 
consequently, the surroundings are kept dry ; where- 
as in the case of the old form, the approach or the 
pathway became unusable on account of soatogc 
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from urine and washings from ablution. The keneh- 
es should be in lengths not exceeding 20 feet. 
Bach length should be screened in with bamboo or 
other tattle:-? fixed to easuarina or jungle posts 
placed at suitable intervals. The posts should be 
tarred, at any rate the portion planted in the 
ground should be tarred. The tatties should be fixed 
6" off the ground. After defecation the persons 


concerned or ibe attendant should cover the mass 
with dry earth from the excavation. As soon as 
the trenches are filled, the bamboo tatty sides can 
be shifted to other pcaitions as required. Where 
tatties are available and there is not sufficient land 
for the burial of night soil, the mixed earth and 
night soil should be removed daily and thus the 
trench can be used as long as desirable. 



BUILDINGS : MAIN DETAILS OF CONSTEUCTION OF SLAUOHTER 
HOUSES AS GAINED PROM A STUDY OF PLANS. 


Classification And Materials. 

I cannot do better than quote here the following 
extract from Mr. Jones’ Manual: “ Slaughter-houses 
are arranged according to the class of animals to 
be slaughtered therein and, in India, are deno- 
minated bullock, sheep or pig slaughter-houses. 
The religious prejudices of the Hindus require that 
bullocks, sheep and pigs should be slaughtered apart 
from one another. The requirements of a slaughter- 
house may be briefly enumerated as follow: 
(1) The slaughter-house should be so enclosed as to 
permit ingress and egress being easily controlled by 
the superintendent in charge. (2) The slaughtering 
space should be roofed in. (3) The slaughtering 
sheds should be well ventilated. (4) Oistarns should 
be provided to hold a sufficient supply of water. 
(5) The floor of the slaughter-house should be arrang- 
ed so as to enable it to be easily flushed from the 
cisterns. (6) Drains should be provided for carry- 
ing away the liquid filth from the slaughter-house. 
(7) Cesspools should be provided outside the 
slaughter-house into which the drains can dis- 
charge. (8) The flooring should be of hard and im- 
pervious material. (9) The lining of the walls should 
be of a hard and non-absorbent material. (10) Cool- 
ing and hanging rooms and lairs for animals are 
desirable! The size of a slaughter-house naturally 
depends upon the number of animals to be killed. 
Statistics as to the number killed annually are 
available in most Municipalities. No definite rule 
can be laid down, as in some parts of the country 
more beef and less mutton is eaten in certain 
towns than in others. In Madras city the annual 
consumption is about one bullock per 45 persons 
and one sheep per person. The size requisite for a 
sheep slaughter-house would be determined thus : 
Taking the population of a town to be 15,000, we 
have 15,000 sheep to be slaughtered in a year, 
or 43 sheep on an average daily. A period of 
from three to four hours is the usual duration of 
slaughtering. Taking the minimum period of three 
hours, 14 sheep would require to be slaughtered 
per hour. To slaughter one sheep and skin it, 
requires about 20 minutes, so that^ three sheep 
will bd killed per hour and therefore floor space 
for f or, for five sheep, will be required. Let this 
be increased by 50 per cent, to allow for fairs and 


festivals, or, say, a floor space for 8 sheep s 
required. The floor space required for one sheep 
is about 60 square feet which is 8' x 7^'. Masonry: 
The foundation ^nd superstructure of slaughter- 
houses may be in either stone or brick ; the slaugh- 
ter-house should be built in chunam, but where 
economy is the object, portions of the structure may 
be built in clay except the following, i.e„ water 
cistern, cesspool, drains and pillars which should, 
as a rule, be constructed in chunam. Plastering : 
The whole of the interior walls and pillars of the 
building should be plastered with Portland cement 
mortar not less than half an ineb thick in the pro- 
portion of 3 of sand or 2 of sand to 1 of * cement. 
Over this there must be a rendering of neat cement. 
The outside of the building, if of brickwork, should 
also be plastered with cement, but, if of stone, point- 
ing with cement will suffice- Flooring : It is an 
essential requisite of a slaughter-house that the 
floor should be evenly paved. Notwithstanding 
that there is some inconvenience to the butchers by 
reason of a certain slipperiness with a smooth floor, 
this, when weighed against the quick removal of 
blood, garbage, &o., cannot be considered a grievance. 
It is not advisable that the floors of a slaughter- 
house should slope towards the drains ; in the first 
place the slope would cause the floor to be mon 
slippery than if level ; in the second place the cleans 
ing probably would not be so effectually done ; ot 
the slope it could be sluiced with water, on the 
level, manual labour will be required and if squee- 
gees, such as are used for railway station paved 
platforms, are employed, the cleansing can be very 
effectual. The floor may be formed of : (1) Flags. 
(2) Granite stones, dressed fairly smooth. (3) Well- 
burnt brick on edge in cement or hydraulic mortar 
plastered over with cemen j, (4) Concrete in cement 
or hydraulic mortar plastered over with cement. 
When flags are used the edges should be squared 
sc that they may be laid with close joints. Tbe 
flags should be laid over a layer of concrete not less 
than 4 inches thick, as a firm foundation is neces- 
sary. Tbe flags shall be jointed with Portland 
cement. The flags should be such that their indivi- 
dual area does not exceed one square foot for each 
half an inch of thickness. A slaughter-house 
should not be paved with square granite stones 
unless their surfaces are finely chisel-dressed. Tbe 
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cosfi of doing so will be probibitive in mos!: places. 
When bricks on edge are used, they should be laid 
in cement; or hydraulic morfcar on a foundation of 
not less than 4 inches of concrete. The floor must 
then be plastered with Portland cement mortar not 
less than half an inch thick consisting of 2 or 3 of 
sand to 1 of cement, laid in one coat with a render- 
ing of neat cement. When concrete in cement or 
hydraulic lime is used, the concrete should be not 
less than 9 inches thick and be plastered over with 
cement as above described. Drainage: The 
drains should have a fall of not lass than 1 in 100, 
but greater than this if it can be arranged. The 
drains should be 6 inches in width. The bottom 
should have either a semi- circular or oval shape, 
preferably the latter. The drains should be form- 
ed of concrete in cement or hydraulic mortar, and 
coped stone with brick on edge in cement and 
plastered with cement, or to be made of some 
equally non-absorptive material and of a design 
such as will not allow of any leakage. Cesspools : 
The cesspools ought to be outside the slaughter- 
house. They should be of ample capacity to receive 
all the solid matter from the slaughter-house and 
also a portion of the water used for cleansing. If 
an overflow is provided from the cesspools and 
no sewers exist, the water overflowing should be 
used to irrigate some small area of land. The 
cesspools should be built in chunam mortar and 
plastered with cement in the proportions already 
stated. Water-supply: The cistern should be so 
arranged that it can be filled from the outside. The 
bottom of the cistern should be at a sufficient 
height to enable every portion of the floor of the 
slaughter-house being flushed. The cistern should 
be built in chunam and plastered with cement. 
Design : The roof may be a tiled one on wooden 
rafters or covered with corrugated iron sheets if 
considered desirable on the grounds of economy 
and facility of erection. Slaughter-houses ought, 
if possible, to consist of open sheds, all surrounded 
by a brick wall or other closed fence. This plan 
admits of thorough circulation of air.” 

Proposals For Slaughter Houses. 

All proposals for slaughter houses should be 
accompanied by the following plans, estimates and 
report: “1. Sibe-plan. scale 330 fe 0 t=l inch 
(village map or town survey) showing (i) position 
of work and surroundings for a distance of 1,000 
feet from the site ; (ii) all water sources and the 
use to which they are put ; (iii) the trend of the 
surface by means of arrows. 2. Detailed estimates 
and specifications of the proposed work, 3. Des* 
'cribs the nature of the soil and subsoil of the site, 
and give a section of a trial-pit. 4. Plan and sec- 
tion of slaughter-house proposed, if not on type- 
desigpLto a scale of 6 feet^l j^^J^* The section 


should show clearly the levels of the various por- 
tions of the slaugbtsr-boase proposed, the levels of 
all platforms, drains, etc., the levels of adjoining 
streets and drains ; the plans must include the vari- 
ous streets around the slaughter house and show 
the line cf any street drains into which the dis- 
charge from the slaughter-house will enter. 5. A 
statement of the number and description of ani- 
mals to be killed on an average daily, and the 
number of hours within which slaughtering and 
following operations usually take place. 6. Describe 
carefully the nature of the water-supply source in- 
tended for use in the slaughrer-house. If the supply 
has not been approved by the Sanitary Commis- 
sioner or his Deputy, forward a letter from the 
District Medical and Sanitary Officer showing that 
he approves of the source of w ater-supply 7. Indi- 
cate the means taken to protect the water-supply 
source from pollution by ingress of surface drainage, 
subsoil soakage or direct pollution. 8. State what 
measures are contemplated for the disposal of the 
floor washings, the blood, offal and gut contents, 
respectively. 9. State what plant, and of what 
capacity, is available for collecting any, or all of 
these. ^ 10. Is there any land within a reasonable 
distance on which the sewage and gut contents can 
be placed with the object of utilising them for garden 
or agricultural purposes?” 

A Slaughter House Intended For Bullook 
Op Sheep : Plates 37 And 38. 

In the above plates is illustrated the type design 
No. 155 issued with proceedings of the Madras Sani- 
tary Board, No. 373-S., dated 22-4-1914. The speci- 
fication report which accompanied this design was 
as follows : General : The arrangement consists of 
an open yard surrounded on all sides by high walls, 
a cooling room, lair for cattle, and the necessary 
water-supply and drainage arrangements, the whole 
of the buildings being in a compound sufficiently 
large to permit of an open space at least 20 feet 
wide around the buildings. A suitable compound 
wall is also provided. Lair : This consists of an 
open space or yard 18 feet square provided with an 
enclosure wall and a ramp for entrance. The floor 
of the enclosure is laid with sand and a water 
trough with overflow arrangement for disposal of 
spill water is provided. Cattle or sheep will be led 
from the lair through the two doorways, the first 
doorway being provided with a plank door and the 
second being an arched opening, Slaughtering place : 
The slaughtering place will measure 20' x 14' and 
will be floored with asphalt over concrete. The 
floor will slope towards the cooling room (2" in 14') 
and a 6-iaoh drain will be provided to carry away 
the washings. A hydrant for sluicing purposes will 
be provided on the high side, As shown in the plan 
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there will be two ring bolts in the floor to enable 
cattle to be drawn up into position. The slaughter- 
ing place will be surrounded by walls 12 feet high 
and will be open to the sky hut protected by ex- 
panded metal covering so as to keep out crows. 
The two rolled steel beams which support the 
expanded metal frame will be utilised in addition to 
suspend the pulley and chain arrangement shown 
in the plan which arrangement is intended to be 
used for suspending carcasses of cattle for skinning 
and dressing purposes. Cooling room : Adjoining 
the slaughtering place there will be a cooling room 
20^ X 9^ provided with three large windows for 
ventilation and with one open gable and filled in 
with expanded metal and fly-proof gauze. Supported 
from two teak cross beams (4"X 6" each) there will 
be two longitudinal teak beams (4" X 4" each) along 
each side of the room to which books as shown in 
the plan will be placed. The floor will be of asphalt 
and there will be a hydrant so that the floor can be 
sluiced out, a suitable drain being provided in the 
centre of the floor. Water-supply and drainage 
arrangements: In towns possessing piped water- 
supplies the water-supply required by the slaughter- 
house will be obtained by a 2-iDch connection. 
In those towns which have not the advantage of 
such piped supplies, or, where the site of the 
slaughter-house is distant from the town, a suitable 
well, close to the slaughter bouse, (type- design 
No. 144/1913 shown in plate 156) should be 
provided and fitted with a suitable pump or pumps. 
Erom this well the water should be pumped daily 
to an iron tank on the roof of entrance to the 
slaughter-house and from the tank there should 
be three connections, one to the hydrant in the 
slaughtering place, one to the hydrant in the 
cooling room and a J inch connection with tap 
to the water trough in the lair for cattle. The 
drainage arrangements of the slaughter-house will 
consist of open drains, one in the slaughtering place 
and one in the cooling room. These drains will 
join as shown on the plan and will discharge into 
the cesspool outside the slaughter-house. This 
cesspool which is of ample dimensions and which 
should be made with a rounded bottom to facilitate 
emptying by buckets, should be emptied daily into 
conservancy carts and the contents removed to the 
trenching ground and immediately covered with dry 
earth. The spill water from the overflow of the 
trough in the cattle lair should be disposed of in 
the filter well as shown in the plan. Cattle and 
sheep slaughter-house : The design shown in the 
plan represents the slaughter-house as arranged for 
cattle. When a sheep slaughter-house is required, 
then, the hoisting arrangements in the slaughtering 
places and the ring bolts in the floor may be 
omitted in construction. Cost : At Madras rates 
fee cost will be Bs. 5,500, 


Abstract Of Quantities For A Slaughter louse 
Intended For Bullock Or Sheep : 

Plates 37 And 38. 


Quantity. 

Description of work. 

1,718 0. ft. ... 

Earthwork, excavation. 

1,570 „ 

Earth-filling in basement, 

U5 „ 

Sand-filling. 

309 „ 

Gravelling for ramp. 

1,257 „ 

Concrete, broken brick in ohunam. 

751 „ 

Country brick, third sort in ohunam for 
foundation, 

999 „ 

Country brick, third sort in ohunam for 
^asement. 

Country brick, first and second sort in 
ohunam for superstructure. 

2,168 „ 

72 „ 

Country brick, first and second sort for 
a'rohwork. 

5,023 sq. ft. ... 

Plastering with cement 1 ; 2. 

68 „ 

Ouddapah paving slabs. 

2 c. fl;. 

Cutstone. 

600 sq.ft. 

Flooring with asphalt, 

4-57 cwts. ... 

Girder, 4"X7'X16 lbs. 

Lump sum ... 

Iron grating. 

No. 2 

Iron buckets. 

5U sq.ft. ... 

Roofing with Mangalore tiles with ceiling 
tiles inoluding reepers. 

417 ... 

Expanded metal with wooden frame. 

52‘60c. ft. ... 

Teakwood, wrought and put up. 

48 sq.ft. ... 

Teakwoed gate. 

124 „ 

Teakwood doors, batten with hingeS} 
etc., complete. 

84 „ 

Teak windows with expanded metal 
screen and fly-proof gauze. 

77 

Terracing, 9" thick. 

49 r. ft. 

Cornice work. 

No. 4 

Pulleys. 

14 sq, ft. ... 

Expanded metal screens with fly-proof 
gauze including frames, eto. 

No. 1 

Water tank. 4' X 4’ X 4' to hold 400 
gallons of water, piping 200 feet, two 
hydrants and taps inoluding fixing, etc, 

88 r. ft. ... 

Iron chains including hooks, eto. 

No. 6 

Ring bolt hooks. 

No. 5 ...j 

Finials. 

166 lbs. .. 1 

Ironwork, 

1,539 sq.ft. ...i 

Painting doors and windows. 

616 „ 

Woodoiling, 

Contingencies, tools and plant and petty 
supervision, 12^ per cent, 

Compound wall for 382 feet with iron 
gate as per estimate below. 

6 feet diameter of well as per type design 
No. 144 shewn in plate 156, with semi- 
rotary pump. Total Bs, ... 
Compound wall. 

40 c. ft. 

Earthwork. 

3 „ 

Pilling. 

80 „ 

Concrete in chunam. 

87 „ 

Brick in ohunam. 

, 154 sq. ft. ... 

i 

Plastering in chunam. 

Contingencies, 5 per cent. 

Tools and plant, 5 per cent. 

Petty supervision, 2| per cent. 

For a bay of 10 feet, Total. 

For 370 feet of 37 bays. 

Gate, 10 feet wide, 6' high, and aide 
pillars, Total Bs. ... 




BUILDINGS: MAIN DETAILS OP CONSTEUCTION OF HOSPITALS 
AS GAINED FEOM A STUDY OF PLANS. 


Instructions For Guidance In Designing 
Hospitals. 

The following instructions in regard to the design- 
ing of hospitals have been issued by the Madras 
Sanitary Board with their Proceedings No. 838-S., 
dated 28th November 1913. 1. Under rule 10 of 
th§ rules regulating the constitftion and functions 
of the Sanitary Board published in G.O. No. 1031 
li., dated 2ad September 1903, and the modifica- 
tions sanctioned in G.O. No. 1000 L., dated 14feh 
June 1913, every estimate exceeding Rs. 10,000 
(exclusive of the cost of site) for works connected 
with hospitals, which is proposed to be undertaken 
by any Local Board or Municipal Council, must 
be submitted for the approval of the Sanitary 
Board. 2. (a) In all cases in which it has been 
decided that the buildings shall be executed by the 
Public Works Department, the same procedure 
shall be adopted as is laid down in G.O. No. 981 
W., dated 15th September 1910, i.e., the Chairman 
of the local body concerned will obtain from the 
Executive Engineer of the division, a rough esti- 
mate of the cost of the buildings proposed which 
he will submit to the Secretary, Local and Munici- 
pal Department, through the Sanitary Board for 
obtaining administrative sanction of Government. 
These oases need not be sent through the Sanitary 
Engineer and the Sanitary Commissioner. As 
such administrative sanction necessitates an 
examination of the arrangements for financing the 
scheme, the Chairman should submit definite 
proposals for this, ib) All other oases will be for- 
warded through the Sanitary Commissioner to the 
Sanitary Engineer who will accord technical 
sanction if the estimate does not exceed Rs. 10,000 
and forward estimates for more than this amount 
to the Sanitary Board, (c) When a local body 
proposes to build a hospital containing above 50 
beds, the rough estimate should be accompanied 
by a report containing full information on the 
following points: (1) a history of the proposal 
and the reasons which have led to it ; (2) if a 
hospital or dispensary has previously existed, in- 
formation as to the attendance of patients at it 
during each of the last five years under the following 
headings : (a) years, (h) total number treated, in- 
patients, (c) total number treated, out-patients, 
id) average sick daily, in-patients, (e) average 
sick daily, out-patients, (/) maximum number of 
in-patients treated on any one day and (p) remarks ; 


(3) an estimate of the population from which the 
patients to be now provided for will be drawn; 

(4) the approximate area which this population 
inhabits ; (5) a list of the buildings proposed to be 
provided in the hospital and in respect of accom- 
modation for in-patients the number of beds for 
Europeans or Eurasians and Indians, males and 
females, separately under each of the following 
classes : [a) general diseases and surgical cases, 
(6) isolation wards for special cases, cholera, small- 
pox, venereal (females), septic cases, and dirty cases, 
(c) lying-in and delivery cases, id) caste patients, 
with an administrative block, operating room 
and subsidiary buildings ; (6) information, (where 
additions are proposed, to an existing institu- 
tion, information on this clause is not required) 
as to the site under the following heads: 
(fl) the aspect and conformation of the ground with 
special reference to its elevation, free access 
to sunlight and exposure to prevailing winds, 
with all available information as to health condi- 
tions ; (W the nature of soil with reference to its 
power of retaining heat and moisture, the level of 
sub-soil water and necessity for and possibility of 
drainage ; (c) the total area available and how much 
of that area will be required for buildings, gardens, 
roads and paths ; id) the accessibility of the site 
both to patients and medical staff ; (7) the system 
proposed for water-supply ; (8) the system proposed 
for the collection and ultimate disposal of sullage 
water, night-soil and rubbish. The above report 
should be accompanied by a site-plan showing the 
immediate surroundings of the proposed hospital 
and the proposed arrangement of the buildings. 
Even if it is intended, owing to want of funds, not 
to erect all the buildings at once, their site should 
be determined and marked on the plan. 3. Site : 
(1) The site should be selected by the Revenue and 
Local or Municipal authorities in consultation 
with the District Medical Officer and the Public 
Works Officer concerned. (2) The procedure 
laid down in G.O. No. 1319 W., dated 13th 
November 1909, should be followed in all cases 
in which it is proposed that the buildings should 
be constructed by the Public Works Depart- 
ment. When the site has been chosen by the 
Local Committee, a copy of the site-plan shall be 
sent to the Chairman of the local body concerned. 
Should the Sanitary Commissioner or Sanitary 
Engineer visit the place on tour, the Chairman will 
show them the site and will report direct to the 
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Board any criliieisms which either of those officers 
may have to make ; and will sand at the same time 
a copy of the report to the Sanitary Oommissioner 
or the Sanitary Engineer, as the case may be, for 
perusal (3) The site for a general hospital should 
be so chosen as to be easily accessible to the 
population for whose use it is intended, and should, 
therefore, be on or near a main road. In ail instan- 
ces, as large an area as possible should be obtained, 
so as to provide for future extensions as well as for 
present requirements. Ordinarily one acre of site 
should be allowed for every twenty beds, and in no 
ease should less than one *acre for forty beds be pro- 
vided. (4) An isolation hospital should also be pro- 
vided with as large an area as possible, and in no case 
should less than one acre for every twenty beds be 
allowed. No ward for the treatment of patients 
in any such hospital should be less than forty feet 
from the boundary of the hospital area. If the 
hospital is intended for cholera, it should stand on 
an open site, usually not farther from the thickly in- 
habited part of the town to be served than 400 yards. 
In choosing a site for a am all- pox hospitalthe follow- 
ing requirements should, as far as feasible, be observ- 
ed : ia) the site must not have within a quarter of 
a mile of it either a hospital, whether for infectious 
diseases or nob, or any similar establishment, or a 
population of as many as 200 persons ; {b) the site 
must not have within half a mile of it a population 
of as many as 600 persons, whether in one or more 
institutions, or in dwelling-houses ; (c) even where 
the above conditions are fulfilled, a hospital must 
nob be used at one and the same time for the recep- 
tion of cases of small-pox and of any other class of 
disease. 4. As regards the general arrangement of 
the various buildings of a mufassal hospital on a 
site, and detailed designs for the individual build- 
ings, Government approved and issued with G.O. 
No. 1466 L., dated 11th October 1912, certain 
type- designs for adoption, As pointed out in this 
order, the type-designs have intentionally been 
drawn up on elastic line and it is not necessary 
rigidly to follow them in all cases. Deviations will 
be permitted when warranted by coosidarations of 
economy and local conditions. The following gene- 
ral principles should be observed : (1) there should 
be free circulation of air around and batwaan each 
ward-pavilion ; (2) the space between each ward- 
pavilion should be well exposed to sunshine; 
(3) the distance between two adjoining buildings in 
any direction should ordinarily not be less than the 
height from ground-level to the top of the roof 
of the higher of the two buildings, and in no case 
should be less than the height from ground-level 
to the eaves of the higher building ; (4) the hospital 
enclosure should be large and surrounded by a dwarf 
pierced wall or by railings, and should have only 
three gates, m., the main entrance, the entrance 


to the out-patient department, and an exit near the 
mortuary. Inside the compound should be a garden 
with seats under trees or sheds for the use of con- 
valescents. 5. Baths : Eor convalescents there 
should be two general bath-rooms one for each sex. 
For patients unable to leave the wards, a covered 
bath on rubber-tyred wheels should be supplied, one 
for every 32 beds. 6, Special wards ; Every general 
hospital should be provided with at least two isolat- 
ing wards, one for each sex, to which suspicious 
cases can be removed pending diagnosis, A sepa- 
rate female venereal ward and a lying-in and 
delivery ward are required unless special hospitals 
for the purposes indicated have already been pro- 
vided. 7. Isolation hospitals : The site should be 
sufficiently commodious to admit of the erection 
of wards or huts for different infectious diseases 
at least 40 or 50 feet apart and these wards 
and huts as well as all subsidiary buildings 
should be at an equal distance from the bound- 
ary wall. Thera should only be sufficient beds 
for cholera cases to deal with the class of patients 
who have no habitation of their own or where 
the private accommodation is inadequate. As a 
rule, cholera cases among the general population 
will require to be treated in their own houses, but 
separate arrangements should be made for housing 
the unaffected inhabitants of infected houses. In 
isolation hospitals, there must be a separate 
subordinate medical staff and establishment for the 
care of the patients. 8. Lying-in hospital : It is 
desirable to have this quite separate from the ordi- 
nary hospital and with a separate establishment. It 
must be located near the centre of the population 
for whose use it is intended. There should never 
be more than four beds in a ward which means 
eight patients including infants ; the floor and 
air space should be calculated as for an isolation 
hospital. There should not ba more than eight 
beds in one unit consisting of not more than two 
wards. The principles of construction should be 
the same as those detailed above. There should 
be two separate delivery wards for each unit, 
one to be under cleaning whilst the other is in 
use : there should ba a bath-room or scullery to 
each with plenty of water, and means for disin- 
fecting soiled clothing. The floor space in these 
delivery wards should not be less than 150 square 
feet and the floors should be on the same level as 
those of the wards ; they should be joined to the 
lying-in wards by a covered passage open to the 
sides. It is a good plan to have a by-ward in con- 
nection with the delivery ward for the temporary 
care of specially exhausted cases. The scullery and 
latrine for the use of patients in the lying-in wards 
should be under a separate roof and joined by a 
covered passage open at the sides ; the attendant’s 
a;oom and the store-room may be in the verandah 
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corners. No regular dispensing room is necessary 
if the materniSiy hospital is near the main or 
municipal hospital ; if not, a small one is required. 
When it is situated far from the hospital, a sepa- 
rate room for the office of the Medical Officer is 
required; in such an institution, there should also 
be a waiting room for patients and a well lit exami- 
nation room. Isolation huts for septic disease are 
very necessary. If possible, one unit should always 
be kept empty in order that all may be periodically 
aired. There should be a low truck on wheels 
with India rubber tyres for the removal of patients 
from the delivery ward. 9. Ward furniture should 
be simple and strong, of iron, where possible; it 
should be easily cleaned and •so constructed as 
not to harbour vermin. There should be as 
little furniture as is compatible with the com- 
fort of the patients and attendants. 10. In 
addition to the more important buildings the sub- 
sidiary buildings should consist of (a) General 
store building, {b) Kitchen, (c) Laundry, id) 
Quarters for medical subordinates, (a) Firewood and 
straw store-room. (/) General latrines, ig) Mortu- 
ary and post-mortem room, [h] Out-patient depart- 
ment. 11. Laundry : This should be adapted to 
native methods of washing and as open as possible, 
with tanks for soaking soiled clothes in and sloping 
slabs or stones for washing them on. The boilers 
and fire places should be of the same materials and 
pattern as the dhobies of the place use. There 
should be an open corrugated iron or other shed 
for drying in during rain and where ironing may 
be carried on. There should be two small rooms 
with doors, one for temporarily storing soiled 
clothes, the other for clean clothes ; these rooms 
may be of corrugated iron. In connection with 
this laundry there should be another room for dis- 
infecting clothing and a separata tank for soaking 
and washing it in. 12. Quarters: Quarters for 
medical subordinates, nurses, hospital attendants 
and ail menials should be provided on or near the 
premises. 13. Store-room for firewood and straw : 
There should be two small corrugated iron rooms 
under the same roof — one for firewood and the 
other for straw— for which no type-plans are 
needed. 14. General latrines : A general latrine 
constructed on one of the Sanitary Board’s type- 
plans should be provided for males and another for 
females allowing one seat or perch to ten persons 
living in the hospital compound including patients 
and attendants. In locating these latrines, atten- 
tion should be paid to the prevailing winds ; they 
should stand well to the leeward of the wards and 
not nearer than forty yards. Adjoining the latrine, 
accommodation should be provided for a disinfect- 
ing tub as well as a receptacle with racks on 
which bed-pans may be retained for inspection, 
15. Disposal of filth and refuse: The disposal 


of sewage and sullage water must vary with the 
means at command. If the town possesses a pipe 
sewerage system, the plans for connection with 
this should be specially approved by the Sanitary 
Board. If not, one of the various methods suitable 
for single establishments should be employed. If 
the expense of conveying by pipes combined night- 
soil and sullage water to suitable land for disposal 
by irrigation be prohibitive, urine and latrine 
washings should be received and fmcal matter be 
collected in the latrines separately, the former in 
trapped and ventilated cesspools and the latter in 
weli-tarred iron receptacles. The sullage water 
should be removed from the premises in cylindrical 
iron tank carts, and the nightsoil in suitable 
covered iron conservancy carts. The sullage water 
and the nightsoii thus collected should be disposed 
of in accordance with the system in vogue in the 
town; but where possible in the case of large 
hospitals, a septic tank should be provided, to 
ba followed by treatment on land, preferably 
under-drained, or by any artihcial application of bio- 
logical methods for sewage purification. 16. Water 
supply should be ample in quantity and as 
pure as possible. If from a well, the ground 
in the vicinity should be kept clean and free from 
rubbish and a masonry platform, parapet and 
lining should be provided so as to prevent the 
return of spilt water or the entry of other impuri- 
ties. The mouth of the well should be covered 
and a pump should be employed for drawing 
water. When there is no public water-supply the 
addition of a tower to the administrative block 
served by a force pump would facilitate the distribu- 
tion of water under pressure which should certainly 
be arranged for at the kitchen, latrines, operating- 
room, bath rooms, dispensing room, post-mortem 
room, laundry, out-patients department, etc. In 
general hospitals, arrangements should be made for 
fire engine and fire-hoses. Fire buckets should be 
hang up in each building and kept full of water. In 
temporary and semi-permanent buildings, special 
precautions against fire are particularly necessary. 

Present Type Designs. 

In plates 39 to 94 are shown the type designs 
for hospital buildings which were in force on the 
Isfc of April 1916. Site plan, type design 
No. 133 issued with proceedings of the Madras 
Sanitary Board, No. 686 S., dated 10-12-12 is 
shown in plate 62. I have given the specification 
reports and the abstracts of quantities for each type 
design separately. The Medical and the Surgical 
Ward Units as adopted in the Presidency of Madras 
are shown in plates 43 and 45. The Medical Ward 
Unit as shown in plate 43 consists of 20 beds for 
males and 20 beds for females. The male and the 
female wards a<rQ separated by the Administrative 
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•Block oontaining a Nurse’s Boom, a Ward Kitchen, 
a Linen Room and a Surgeon’s Room. Separate 
Bath Rooms and Latrines are provided for males 
and females, connected to the main ward by covered 
passages, 10 feet in length. The Medical Ward 
Unit as adopted in England is shown in plate 41. 
On a perusal of this plate it will be observed that 
the ward for males consists of 22 beds and the ward 
for females of 16 beds. In this case also the wards 
are separated by the block of Administrative Baild- 
ings. The different rooms comprising the A.dmiais- 
trative Block of the Medical Ward Unit as adopted 
in England are shown in plate 41. In plate 44 
is shown the block of the Administrative Buildings 
attached to the main wardshown in plate 43 as final- 
ly approved by Government. In plate 45 is shown 
the Surgical Main Ward of 40 beds as per type 
design of the Madras Sanitary Board. In this ease 
also the centre Administrative Block should bs 
as shown in plate 44. Tne Surgical Ward Unit 
as adopted in England with the different rooms 
comprising the Alministrative Block is shown in 
plate 42. Toe general specification reuort as 
issued by the Madras Sanitary Board for the type 
designs shown in plates 39 to 94 was as Mows : 
Floors : Floors should wherever possible be laid 
with a slight slope in one direction towards channels 
along one wall of the rooms, or in the case of 
verandahs towards the outside of the verandah to 
facilitate flashing with water and disinfectants. 
The surface of all floors must be continuous and not 
interrupted by projecting door sills or thresholds. 
For flooring surfaces in wards, operation rooms 
and mortuaries where an impervious unjointei floor 
surface is desirable, Bird’s Iniian Patent stone, or 
Bombay Co.’s Truscou floor enamel over V Port- 
land cement are recommended. Tbese materials 
readily lend themselves to the formation of channels 
along walls. Walls: Internal walls in wards, 
operation rooms, dispensaries and mortuaries should 
ba rendered with Portland cement from floor to 
ceiling and painted with paripan “ glossy ” or other' 
"glossy” white washable paint. All internal 
corners should be rounded in wards, operation 
rooms, mortuaries and dispensaries. External wall 
surfaces, if built of stone should preferably be 
pointed with cement when good building-stone is 
available and if of brick should be plastered and 
whitewashed. Iron work : Iron work in rolled steel 
joists, tie bars, etc., should be arranged so as to 
afford as few ledges or surfaces upon which dust 
can collect as is possible. Where jack arches are 
used, the tie bars should be embedded in the 
masonry of the arches. Windows : When within 
reach all windows should be pivoted at top and 
hottonoi. Boors : There must be no door sills 
projecting above floor level Wooden door sills 
gkotild be avoided where possible, Raised panel 


doors catch dust. Flat panels should be used. 
Doors in wards, operation rooms, dispensaries, 
mortuaries and wherever stretchers may have to 
pass, should be not less than 4' 6" between masonry 
jambs. In plate 95 are shown the detailed draw- 
ings of Jack- Arched and Mangalore Tiled-Roofs, 
Tne Chief Engineer, P.W.D., has issued a Circular 
regarding the roofing of Hospital Buildings and 
his orders on this question were as follow : 1. In 
the type-designs for hospital buildings provision 
is made for fibro-cemant slates or poilite for the 
roof covering of verandahs. 2. The Chief Engineer 
has since had under consideration the advisability of 
contiouing the use of poilite or fibro-cement slates in 
place of Mangalor^jiles and has come to the conclu- 
sion that there is no advantage in poilite or fibro- 
cement slates over Mangalore tiles for verandahs of 
hospitals except in districts where Mangalore tiles 
are diffiault to obtain. One advantage claimed for 
poilite or fibro-cement slates was that a roof covered 
with these materials could be laid at a lower slope 
than that of Mangalore tiles. Type-designs for hos- 
pital buildings ware therefore issued showing the 
varan iah roofs of a slope of 1 in 5, but it has since 
been proved that a roof covered with poilite or fibro- 
oament slates requires the same slope as that usually 
provided for Mangalore tiles. 3. Superintending 
Engineers are requested to provide in their estimates 
for verandah roofs with a pitch of 30° and to increase 
the height of main walls of wards, etc., as shown 
in plate 93. 4. The Chief Engineer is of opinion 
that the only cases in which poilite or fibro-cement 
slates could be used with advantage would be on 
large buildings of the workshop type which have a 
large expanse of plain roofing and where lightness 
of roof const uction may he of the utmost import- 
ance. In such cases poilite or fibro-cement slates 
of R)man tile pattern would perhaps be more 
economical than Mangalore tiles, both in initial cost 
and upkeep. In plate 94 are given the details of the 
U. S. Sish Windows as adopted in the type designs 
of hospital buildings. In plate 65 is given the design 
for an Out-patient Dispensary, of a Hospinal in 
India as issued by Major M. H. Thorneely, I.M.S., 
Civil Surgeon, Arrah, and his report accompanying 
this design was as follows: It is proposed to 
build a new hospital at Buxar, the head-quarters of 
the Buxar Sub-division of the Shahabad district 
and the scheme to ba adopted for the out-patient 
department will be on the lines shown in the accom- 
panying sketch plan which has been drawn by 
Messrs. Briggs Wolstenholme and Thorneely, F.R. 
LB.A., Architects of Liverpool from a description 
of the requirements given. As requirements are 
similar in most head-quarters and sub-divisional 
hospitals in Bengal and as the only Type plan 
at present available does not satisfactorily meat 
those requirements the plan may be of help to 
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other Oivil Surgeoos who have similar projects under 
consideration. There are a few features which require 
alteration. Thus there is no need for the doors 
between the lobbies on each side of the Assistant 
Surgeon’s Consulting room. A wall with an arch of 
8 feet width and 10 feet or more high with a railing 
across will be substituted at Buxar in as much as it 
will allow the Assistant Surgeons to supervise to 
some extent what is going on in the compounding 
room. Verandahs on the north side instead of the 
lobbies shown are also being provided at Buxar. 

AdministratiYe Block : Plates 39 And 40. 

In the above plates is iljpstrated the type 
design No. 115 issued with* proceedings of the 
Madras Sanitary Board, No. 245-S., dated 
19-3-1914. The specification report which accom- 
panied this design was as follows : Foundations : 
A depth of 3 feet is provided, the lower 1' 6" will be 
concrete, broken brick in lime mortar and the upper 
l' 6", brick in lime mortar. The depth and width 
of foundations will be settled locally according to 
the nature of the soil. Basement will be brick in 
lime mortar 1' 6", high. Pressure : The maximum 
pressure on the soil in foundations is 0‘41 ton per 
square foot. Superstructure will be brick in lime 
mortar for walls and arch work. Cutstone corbels, 
base stones for posts and sill stones for doors are 
provided. Woodwork : One of the timbers men- 
tioned in Circular No. 2040-0., dated 27th April 
1909, as applicable to Table I in Circular No. 234- 0., 
dated 9th January 1908, should be used. Doors, 
windows and ventilators will be of teak as detailed 
below : 


A: Door, i panelled and I glazed... 4'-6" x 8 -6". 
B: Door, panelled ... ... 4'-6"X8'-6". 

0: Door, J. panelled and | glazed... 4'-0" x 8'-0". 


D: Door, panelled 
B: Door, battened 
F: Door, battened 
G: Window, glazed ... 
H: Window, battened 
I: Window, glazed ... 
E: Ventilator, glazed ... 
L; Window, iron sash 


... 4'-0"xh'-0". 
... 3'-0"x6'-6^ 
... 2'-6"X6'-6", 
... 3'-6"x5'-0'. 
... 3'-0"x4'-0". 
... 3'.0"X4'-0". 
... 3'-0"xi'.9". 


Eoofing: Eoof over main rooms and examination 
room will be of Mangalore tiles imbedded in mortar 
over flat tiles on teak reapers and over verandah 
and outbuilding, fibro-eement slates on teak reapers. 
Flooring : Will be paved with any patent stone over 
4" concrete and pointed with cement. Finishing : 
The interior of the main building and examination 
room will be plastered with cement, F thick and 
painted with paripan or other suitable white glossy 
washable paint. The interior of bath and staff 
latrine will be plastered with cement. The exterior 
of the whole will be plastered with two ooata of 


lime mortar. Doors, windows and ventilators will 
be painted with three coats of approved colour and 
the roof timbers with two coats. Cost : The build- 
ing shown upon the drawings is estimated to cost 
Es, 7,700 to Rs. 11,500 according to locality. 

Abstract Of Quantities For An Administrative 
Block : Plates 89 And 40. 


Quantity. 

1 ! 

! Description of work. i 

1 

5,0S0 0. ft .. 

1 

! Excavation for foundations. 

2,339 c. ft. .. 

i Pilling in basement with earth. 

2.648 „ .. 

1 Concrete, broken brick in iime mortar. 

2.473 „ .. 

I Brick in lime mortar (foundations and 

1 basement). 

4,367 „ 

! Brick in lime mortar (superstructure). 

186 „ .. 

Do, (archwork). 

42 „ 

Cutstone work. 

279*96 „ 

Timber, wrought and put up. 

63 sq. ft.... 

Barge board, f' thick including painting 
complete. 

141 „ ... 

Doors, 1/3 panelled and 2/3 glazed with 
frames and fittings complete. 

141 „ 

Doors, panelled with frames and fittings 
complete, 

111 „ 

Doors, battened with frames and fittings 
complete. 

262 „ 

Windows, glazed with frames and fittings 
complete, 

12 „ ... 

Windows, battened with frames and, 
fittings complete. 

84 „ ... 

Ventilators, fixed, glazed with frames and 
perforated zinc sheet betwen shutters. 

39 „ ... 

Iron sash window. 

2.046 „ 

Eoofing with Mangalore tiles imbedded 
in mortar over flat tiles including teak 
reepers. 

2,266 „ 

Eoofing with fibro-oement slates includ- 
ing teak teepers complete. 

2.339 „ 

Levelling course of concrete, 4* thick, 

2,629 » 

Paving with any patent stone, 2* thick, 
and pointing with cement. 

84 „ ... 

Paving with Ouddapah slabs and point- 
ing with cement. 

5,482 

Plastering with cement, Y thick and 
painting with paripan or other white 
glossy washable paint. 

531 „ ... 

Cement plastering, 1* thick. 

3.251 „ 

Plastering with iime mortar, two coats. 

i,m „ ... 

Painting, three coats, 

3,374 „ 

Do., two coats. 

Brick-nogged partition. 

62 „ ... 

Lump sum ... 

Shelves in store room, 

Contingencies at 5 per cent. 

Petty supervision at 2^ per cent. 

Total Bs. 


A Main Ward Of 40 Beds (Medical) ; Plate 43. 

In the above plate is illustrated the type design 
No. 116 issued with proceedings of the Madras 
Sanitary Board, No. 686-S., dated 10-12-1912. The 
specification report which accompanied this design 
was as follows; Foundations; A depth of 3 feet is 
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provit^ed, fehe lower 1 foot 6 ioehes beiog concrete 
of broken brick in lime mortar and the upper 1 foot 
6 inches, brick in lime mortar. The depth and width 
of foundations will be settled locally according to 
the nature of the soil. Basement : Brick in lime 
mortar, 2 feet high. Pressure : The maximum pres- 
sure on the soil as drawn is 0'68 ton per square 
foot. Walling : Walls, archwork and cornice will 
be built of brick in lime mortar. Internal corners 
should be rounded. The partition in the female 
ward will be brick in cement, 4i inches thick, rein- 
forced with two strips of hoop iron in every third 
course. Outstone work : • Templates under girders 
and trusses, verandah wall brackets, bases under 
verandah posts, lintels over ventilators and blocks 
for door frames. Woodwork: One of the timbers 
mentioned in Circular No. 2040-0 of 27th April 
1909 as anplicable to Table I of Circular No. 234-0 
of 9th January 1908 should be used. Doors, 
Windows and Ventilators : Teak as per list given 
below : 

A: Doors, J panelled & | glazed ... 4'-6"X8'-6". 
B: Doors, batten ... ... 2'-6"x6'-6". 

0: Windows, fully glazed ... 4'-0"x7'.0". 

D: Windows, fully glazed ... 3'-0"x4'-0". 
E: Ventilators, glazed with wire 

netting ... ... ... 4'-0'^ x 2'-0". 

Eoofing : The central block will be roofed with 
Madras terracing with a course of brick on edge, 3 
inches concrete, 3 courses of flat tiles, top and bot- 
tom, lime plastered. The ward will be roofed with 
Mangalore tiles over ceiling tiles on teak reerers. 
Verandahs, bath rooms and latrines will be roofed 
with fibro-cement slates on teak reepers. Flooring : 
With the exception of bath rooms and latrines, the 
flooring will consist of any suitable class of patent 
stone over 4 inches concrete. Bird’s Calcutta 
Indian patent stone, or Bombay Co.’s (Madras) 
Truscon flooring enamel laid over a coat of cement 
plaster, is recommended. The bath rooms and 
latrines should be floored with thin Cuddapah slabs 
pointed with cement, or J inch Portland cement 
laid over 4 inches concrete. Cup-boards : A cup- 
board lined with galvanised iron sheets riveted 
together at joints and painted with glossy white 
washable paint should be provided in the linen 
room. Einishing : The interior of wards and the 
surgeon’s room and laboratory will be painted 
with paripan or other suitable washable paint 
over a coat of Portland cement plaster, I inch 
thick. The interior of bath and latrine will be 
rendered with! inch Portland cement plaster. 
The interior of all other rooms and passage 
will be plastered with two coats of lime mortar. 
The exterior throughout will be plastered two coats. 
Doors, windows and ventilators and ironwork will 
he painted three coats of white paint and the roof 


timbers, two coats of white paint. Cost : The build 
ing shown upon the drawing is estimated to cos 
from Bs. 23,050 to Rs. 34,600 according to locality 

Abstract Of Quantities For A Main Ward Of 
40 Beds (Medical) : Plate 43. 


Qaaotity. 

Description of work. 

12,616 c. ft. .. 

. Excavation for foundations, 

12,870 „ .. 

. Pilling in basement with earth, 

6,389 „ .. 

. Concrete, broken brick in lime mortar. 

7,666 „ 

. Brick in lime mortar (foundation and 
iT^sement). 

10,149 „ 

. Brick in lime mortar (superstrcuture), 

639 „ ... 

, Archwork, briok in lime mortar, 

137 r. ffc. ... 

, Plaster cornioe work. 

134 0. ft. ... 

, Outstone work. 

0'98 ton. 

Rolled steel girders. 

0*98 „ 

Hoisting and setting the girders. . 

692 lb. 

Wrought iron work. 

1.06r32 0 . ft. ... 

Teakwood, wrought and put up. 

96 sq.ft. ... 

Barge board, |" thick, including three 
coats of painting. 

383 „ ... 

Teak doors, | panelled and f glazed, 
with frames and fittings, complete. 

130 „ ... 

Teak doors, battened, with frames and 
fittings, complete. 

1,504 „ ... 

Teak windows, fully glazed with frames 
and fittings, complete. 

384 „ ... 

Teak fixed glazed ventilators with per- 
forated ziuo sheet between them. 

1,620 „ ... 

Terrace roofing with brick on edge, 3* 
concrete, three courses of flat tiles, 
top and bottom plastered. 

6,312 „ ... 

Roofing with Mangalore tiles over ceiling 
tiles with air spaces, complete. 

6,280 „ ... 

Roofing with fibro-cement slates 

8,579 „ ... 

Levelling course of concrete. 4" thick. 

9.281 „ ... 

Paving with patent stone. 

518 „ ... 

Rendering with Portland cement. 

8,869 „ ... 

Plastering with lime mortar, two coats 
(exterior). 

5,495 „ ... 

Do. do. (interior). 

6,986 „ ... 

Plastering with cement and painting 
with paripan. 

1,019 „ ... 

Plastering with cement, Y thick. 

12.187 „ ... 

Painting, two coats. 

3,063 ., ... 

Painting, three coats. 

225 „ ... 

Brick nogged partitions with frames, 
etc., complete. 

356 „ ... 

Brick in cement partition, 4^" thick, 
reinforced with two strips of hoop 
iron every third course. 

32 „ ... 

Swing screen door with frames, etc,, 
complete. 

21 

Oup-board lined with galvanized iron 
sheets including painting. 
Contingencies at 6 per cent. 

Petty supervision at 2i| per cent. 

Total Bs. ... 


A Main Ward Of 40 Beds (Surgical) : Plate 49, 

In the above plate is illustrated the type design 
No. 117 issued with proceedings of the Madras 
Sanitary Board, No. 686-S., dated 10-12-1912. The 
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specification report which aceompaniefi this design 
was as follows : Fonndafeions : A depth of 3 feet is 
provided, the lower 1 foot 6 inches being concrete of 
broken brick in lime mortar and the upper 1 foot 6 
inches, brick in lime mortar. The depth and width 
of foundations will be settled locally according to 
the nature of the soil. Basement : Brick in lime 
mortar, 2 feet high. Pressure: The maximnm pressure 
on the soil as drawn is 0‘68 ton per square foot, 
Walling : Walls, archwork and cornice will be built of 
brick in lime mortar. Internal corners should be 
rounded. The partitions in the main wards will be 
brick in cement inches thick reinforced with 2 
strips of hoop iron every thiricourse. Cutstone 
work: Templates under girders and trusses, verandah 
wall brackets, bases under verandah posts, lintels 
over ventilators and blocks for door frames. Wood 
work : One of the timbers mentioned in Circular 
2010 0., dated 27th April 1909, as applicable to 
Table I of Circular, 23i 0. of 9th January 1908, 
should be used. Doors, windows and ventilators : 
Teak as per list given below : 


A : Door, J panelled and | glazed ... x 8'-6". 

B : Door, batten ... ... 2'-6"x6'-6". 

0 ; Window, glazed ... ... 4'-0"X7'‘0". 

D : Window, glazed ... ... 3'*0"X4'-0". 

B : Yentiiator, glazed with wire 

netting,., 4'-0"x2'-0". 
B: Screen, door ... 4^«0"x8'-0". 


Eoofing : The central block will be roofed with 
Madras terracing with a course of brick on edge, 
3 inches concrete, 3 courses of flat tiles, top and 
bottom, lime plastered. The ward will be roofed with 
Mangalore tiles over ceiling tiles on teak reapers. 
Yerandahs, bath-rooms and latrines will be roofed 
with fibro-cement slates on teak reepers. Flooring : 
With the exception of bath-rooms and latrines, the 
flooring will consist of any suitable class of patent 
stone over 4 inches concrete. Bird’s Calcutta Indian 
Patent stone or Bombay Co.’s (Madras) Truscon 
flooring enamellaid over a coat of cement plaster is 
recommended. The bath rooms and latrines should 
be floored with thin Ouddapah slabs pointed with 
cement or J inch Portland cement laid over 4 inches 
concrete. Cup boards : A cup board lined with gal- 
vanised iron sheets riveted together at joints and 
painted with glossy white washable paint should be 
provided in the linen room. Finishing : The interior 
of wards and the surgeon’s room and laboratory 
will be painted with paripan or other suitable wash- 
able paint over a coat of Portland cement plaster, i 
. inch thick. The interior of bath room and latrine will 
be rendered with i inch Portland cement plaster, 
The interior of all other rooms and passage will be 
plastered with 2 coats of lime mortar, Tbe exterior 
throughout will be plastered 2 coats. Doors, 
windows and ventilators and iron work will be 


n 


painted 3 coats of white paint and tbe roof timbers 
2 coats of white paint. Cost .* Tbe building shown 
upon the drawing is estimated to cost from 
Es. 23,100 to Bs, 34,700 according to locality. 


Abstract Of Quantities For A Main Ward Of 
40 Beds (Surgical) : Plata 45. 


Quantity. 

( 

* Description of work. 

i 

12,6’6 0. ft. ... 

Excavation for foandation. 

13.870 „ ... 

Pilling in bapement with earth. 

6,389 „ ... 

Concrete, broken brick in lima mortar. 

7,666 „ ... 

Brick in lime mortar (fonndation and 
basement), 

10,243 „ 

Brick in lime mortar (superstructure). 

526 „ ... 

Arcbwork, brick in lima mortar, 

137 r. ft. ... 

8' plaster cornice work. 

! 134 0. ft, ... 

Cutstone work, 

1 0 98 ton, ... 

Rolled steel girders. 

; 0-98 „ ... 

Hoisting and setting the rolled steel 
girders. 

692 lb. ... 

Wrought iron work. 

1,062-08 c. ft. ... 

Timber, wrought and put op. 

96 eq. ft. ... 

Barge board, |* thick, including three 
coats of painting. 

383 „ .. 

Teak doors, | panel and | glazed with 
frames and fittings, complete. 

130 „ ... 

Teak doors, batten with frames and 
fittings, complete. 

1,448 „ ... 

Teak windows, fully glazed with frames 
and fittings, complete. 

64 „ ... 

Swing screen doors with frames, etc., 
complete, 

368 

Teak fixed glazed ventilators with per- 
forated zinc sheet between shutters. 

1,620 „ ... 

Terrace roofing with brick on edge, S* 
concrete, 3 courses of flat tiles, top 
and bottom, lime plastered. 

5,312 „ ... 

Roofing with Mangalore tiles over ceiling 


tiles with air spaces, complete. 

'6,280 „ ..J 

Roofing with fibro-cement slates. 

8,579 „ ... 

Levelling course cf concrete, i'' thick# 

9,281 „ ... 

Paving with patent stone. 

618 ... 

Rendering with Portland cement, 

8,941 f) 

plastering with lime mortar, two coats 
(exterior). 

5,483 „ ... 

Plastering with lime mortar, two coats 
(interior). 

6,025 „ ... 

Plastering with cement and painting 
with paripan, interior. 

Plastering with cement, thick, interior. 

1,019 „ ... 

12,194 

Painting, two coats. 

2,991 „ ... 

: Painting, three coats. 

225 „ ... 

Brick nogged partitions with frames and 
fittings, complete. 

710 „ ... 

Brick in cement partition, 4' thick, rein- 
forced with 2 strips of hoop iron every 
3rd course. 

21 „ ... 

Cup-board lined with galvanized iron 
sheets and painting, complete. 
Contingencies at 6 per cent. 

Petty supervision at SJ per cent. 

Total Bs. ... 
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i Main Ward Of 12 Beds : Plate 46. 

In fehe above plate is illustrated the type-design 
No. 134 issued with proceedings of the Madras 
Sanitary Board No. 487-S., dated 3-9-1912. The 
specification report which accompanied this design 
was as follows : 1. Foundatiocs : A depth of 3 
feet is provided, the lower 1 foot 6 inches being 
concrete of broken brick in lime mortar, and the 
upper 1 foot 6 inches, brick in lime mortar. The 
depth and width of foundations will be settled 
locally according to the nature of the soil. 
2. Basement : Brick in lime mortar, 2 feet high. 
Pressure : The maximum pressure on the soil as 
drawn is 0*68 ton per square foot. Walling : Walls, 
arehwork and cornice will be built of brick in lime 
mortar. Internal corners should be ronnded. 3. Gut- 
stone work ; Templates under trusses, verandah wall 
brackets, bases under verandah posts, lintels over 
ventilators and blocks for door frames. 4. Wood- 
work: One of the timbers mentioned in Cir- 
cular No, 2040-0., dated 27th April 1909, as appli- 
cable to Table I of Circular No. 234-0., dated 9th 
January 1908, should be used. 5. Doors, windows 
and ventilators: Teak as per list given below: 

A ; Doors, i panelled and f glazed ... 4'-6" x 8'-6". 

B; Doors, battened ... 2'-6"X6'-6". 

0 : Windows, fully glazed ... 4''0"x7'-0". 

D : Windows, fully glazed ... 3'-0"X4'-0". 

E : "Ventilators, glazed with wire 

netting... 4^-0"x2'-0". 
6. Roofing : The central block will he roofed with 
Madras terracing with a course of brick on edge, 
3 inches concrete, 3 courses of flat tiles, top and 
bottom, lime plastered. The ward will be roofed 
with Mangalore tiles over ceiling tiles or with 
flat and pan tiles on teak reepera. Verandahs, bath 
rooms and latrines will be roofed with fibre- 
cement slates, on teak reapers or Mangalore tiles or 
flat and pan tiles according to locality and cost of 
materials. 7. Flooring will consist of 2 inches 
polished Cuddapah or Italian marble slabs, cement 
pointed, well bedded on 4 inches concrete. The bath 
room and latrines should be similarly floored with 

2 inches Cuddapah slabs pointed with cement on 

3 inches concrete or i inch Portland cement laid 
; over 4 inches concrete. 8. Cupboards : A cup- 
board lined with galvanized iron sheets riveted 
'together at joints and painted with glossy white 
washable paint should be provided in the linen 
room. 9. Finishing : The interior of wards and 
the surgeon’s room and laboratory will be painted 
with paripan or other suitable washable paint over 
a coat of Portland cement plaster, J inch thick. The 
interior of bath room and latrine will be rendered 
with i inch Portland cement plaster. The interior of 
all other rooms and passage will be plastered with 
2 coats of lime mortar and white colour washed, 


The exterior throughout will be plastered with 
two coats of lime morlar and white or colour 
washed as required. Doors, windows, ventilators 
and iron work will be painted three coats of white 
paint and the roof timbers, two coats of white paint. 
10. Cost : The building shown in the design is 
estimated to cost from Rs. 9.270 to Es. 13,905 
according to locality. 


Abstract Of Quantities For A Main 
Ward Of 12 Beds: Plate 48. 


Quantity. 

Description of work. 

§ 

6,677 c. it, ... 

Excavation for foundation, 

5,182 

Filling in basement with earth. 

3,368 « 

Concrete with broken brick in lime 
mortar, 

4,020 „ 

Brick in lime mortar (foundation and 
basement). 

6,125 „ 

Brick in clay (superstructure). 

272 „ 

Arobwork, brick in lime mortar, 

72 r. ft. ... 

Plaster cornice work. 

68 0. ft. ... 

Cutstone work. 

208 lbs. 

Wrought iron work, 

446-3 c. ft. ... 

Teak wood, wrought and put up. 

96 sq. ft. ... 

Barge board, thick, including three 
coats of painting. 

230 „ ... 

Teak doors, i panelled and f glazed 
with frames and fittings, complete. 

130 „ ... 

Teak doors, battened with frames and 
fittings, complete. 

608 „ 

Teak windows, fully glazed with frames 
and fittings, complete. 

112 

Teak fixed glazed ventilators with per- 
forated zinc sheets between them. 

688 „ 

Terrace roofing with brick on edge, 3" 


concrete, three courses of fiat tiles, top 
and bottom, plastered. 

1,728 „ 

Roofing with Mangalore tiles over 
ceiling tiles with air spaces, complete. 

3,307 „ 

Roofing with fibro-cement slates. 

3,448 „ 

Levelling course of concrete, 4" thick, 
Paving with 2* Cuddapah slabs or Italian 
marble. 

3,630 „ 

410 „ ... 

Rendering with Portland cement. 

6,053 „ 

Plastering with lime mortar, two coats 
(exterior). 

3,283 „ 

Plastering with lime mortar, two coats 
(interior). 

2,933 „ ... 

Plastering with cement and painting 
with paripan. 

1,019 „ ... 

Plastering with cement, thick. 

5,126 „ 

Painting, two coats. 

1,416 „ 

Painting, three coats. 

225 „ 

Brick nogged partitions with frames, 
etc., complete. 

21 „ ... 

Cupboard lined with galvanized iron 
sheets including painting. 
Oontingenoies at 5 per cent. 

Petty supervision at 2| per cent. 

Total Rs. ... 
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Special Ward For Indians ; Plates 47 and 48. 

In feha above plate is illustrated the type design 
No. 118 issued with proseedings of the Madras 
Sanitary Board, No. 686-8., dated 10-12-19i2. 
The specification report which accompanied this 
design was as follows: Foundations: A depth 
of 3 feet is provided, the lower I foot 6 inches being 
concrete broken brick in lime mortar and the upper 
1 foot 6 inches, brick in lime mortar. Basement: 
Brick in lime mortar, 2 feet high. Pressure : The 
maximum pressure on the soil is 076 ton per 
square foot, Walling: Brick in lime mortar for 
wails and arehwork. Internal corners should be 
rounded. Cutstone work : Base j|ones for verandah 
posts and blocks for door frames. Woodwork: 
One of the timbers mentioned in Circular No. 
2010-0., dated 276h April 1909, as applicable to 
Table I of Circular No. 231-0 of 9th January 1908 
should be used. Doors and windows: Teak as 
per list given below : 

A : Door, i panelled and | glazed ... 4'-6"x8'-6". 
B : Door, battened and braced ... 2'-6"x6'-6^ 
0 : Windows, glazed ... 4'-0"x7'-0". 

D : Windows, glazed ... 3'*0"><4'-0". 

Eoofimg : Mangalore tiles over fiat tiles with air 
spaces. Flooring : The flooring will consist of any 
suitable kind of patent stone over 4" concrete. The 
bath rooms and latrines will be paved with thin 
Caddapah slabs pointed with Portland cement or 
rendered with i" Portland cement over 4" concrete. 
Finishing : Internal walls of wards will be painted 
with paripan on a coat of Portland cement. 
Internal walls of bath rooms and latrines will be 
rendered with cement. Externa! walla will be 
plastered with lime mortar, two coats. Doors and 
windows will be painted three coats of approved 
paint and the roof timbers painted, two coats. Cost : 
The building shown upon the drawings is estimated 
to cost from Rs. 5,690 to Rs. 8,535 according to 
locality. 

Abstract Of Quantities For A Special Ward 
For Indians; Plates 47 and 48. 


Quantity. 

Description of work. 

4,762 0 ft, ... 

Bicavation for foundations. 

2,665 „ 

Filling in basement with earth. 

2,411 „ 

Concrete, broken brick in lime mortar. 

S,167 „ 

Brick in lime mortar (foundation and 


basement). 

3,688 „ 

Brick in lime mortar (superstructure). 

199 „ 

Arehwork, brick in lime mortar. 

11 „ 

Cutstone work- 

193-34 „ 

Timber, wrought and put up. 

459 sq. ft. ... 

Doors, 1/3 panelled and 2/3 glazed with 


frames, hinges, etc,, complete. 


Quantity, Dessripticn of work. 


195 sq.ft. 

... Doors, bitfenedand braced with frames 
and hinge-i c-mpkte. 

430 „ 

... Windows, glazed, with frames, etc,, 
c''mplete. 

4,573 „ 

... Roofing with Mangalore tiles over fiat 
tiles with air spaces. 

1,600 „ 

... Levelling course of concrete, i* thick. 

1,413 „ 

... Paving with Indian patent stone. 

692 „ 

Rendering w th Portland cement, 

2.651 „ 

...! Plastering with cement and painting 
with paripan. 

7.021 „ 

Plastering with lime mortar, two coats. 

1,603 „ 

Painting, three coats, 

2,303 „ 

...^ Painting, two coats. 

' Contingencies at 5 per cent. 

Petty supervision at 2| per cent, 
i Total Rs. ... 

Special Ward For Europeans: Plates 49 and 50. 


In the above plates is illustrated the type design 
No. 119 issued with proceedings of the Madras 
Sanitary Board, No. 686-S., dated 10-12-19i2. The 
specification report which accompanied this design 
was as follows ; Foundations : A depth of 3 feet is 
provided, the lower 1 foot 6 inches being concrete 
of broken brick in lime mortar and the upper 1 foot 
6 inches, brick in lime mortar. Basement : Brick 
in lime mortar, 2 feet high. Pressure : Maximum 
pressure on the soil at P.P. is 0‘54 ton per square 
foot. Walling : Walls and archwork will be built 
of brick in lime mortar. Internal corners should 
be rounded. Cutstone work : Bases under verandah 
posts, brackets to support verandah wall purlins, 
lintels over ventilators at gables, sills of doors A, 
flush with floor and stone to support the chimney 
shaft. Woodwork: One of the timbers mentioned 
in Circular No. 2040-C of 27th April 1909 as 
applicable to Table 1 of Circular No. 234*0 of 9th 
January 1908 should be used. Doors, windows and 
ventilators : Teak as per list given below : 

A : Door, i panelled and I glazed 4—6" x 8'— 6". 
B : Door, batten ... 3'-0" X 6-6", 

C: Window, glazed ... 4-0"x5^-0". 

D : Window, frosted glass ... 5'~-0" x 4,'— 0". 
E: Window, batten ... 3^— 0"X4'— 0". 

F : Ventilators, glazed with per- i i «« 

forated zinc sheets ... P ° ' 

Roofing : With the exception of the roof over 
ward, cover the roof with fibro-oement slates on 
teak reapers. Wards will be roofed with Mangalore 
tiles over ceiling tiles : Flooring : With the excep- 
tion of bath rooms and kitchen, the flooring will 
consist of any suitable kind of patent stone Over 4^' 
concrete. The bath rooms and kitchen will be paved 
with thin Ouddapah slabs pointed with cement or 
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rendered with y' Portland cement over 4" concrete. 
Bnishing : Toe interior of wards will be painted 
with paripan or other glossy white washable paint 
on a coat of cement plaster, J" thick and that of 
bath room will be plastered with Portland cement 
plaster only. The kitchen will be plastered with 
two coats of lime mortar. The exterior throughout 
will be plastered with lime plaster. All doors, 
windows and ventilators will receive three coats of 
approved paint and the roof timbers, two coats of 
approved colour. Cost : The building shown upon 
the drawings is estimated to cost from Es. 5,660 to 
Es. 8,500 according to locality. 


Abstract Of Quantities For A Special Ward 
For Europeans : Plates 49 and SO. 


Quantity, 

Dasoription of work. 

3,825 c. ft. ... 

Excavation for foundations. 

2,852 „ ... 

Filling in basement with earth. 

1,937 „ ... 

Concrete, broken brick in lime mortar. 

2,409 „ ... 

Buck in lime mortar (iouadation and 
basement). 

2,819 „ ... 

Brick in lime mortar (superstruotnre). 

16 „ ... 

Archwork, brick in lime mortar, semi- 
circular, 

106 „ ... 

Arohwork, brick in lime mortar, seg- 
mental. 

a „ ... 

Cmstoue work. 

go lbs. ... 

Wrought iron work. 

264‘05 0. ft. ... 

Timber, wrought and put up. 

106 sq. ft. ... 

Teak barge board including two coats of 
painting. 

.153 „ ... 

Teak doors, 1/3 panelled and 2/3 glazed 
includiDg frames and iron fittings, 
complete. 

69 „ ... 

Teak batten doors with frames and iron 


fittings, complete. 

120 „ ... 

Teak glazed windows with frames and 
iron fittings, complete. 

40 „ ... 

Teak windows, frosted glass including 
frames and iron fittings, complete, 

24 „ ... 

Teak batten windows with frames and 
iron fittings complete. 

60 „ ... 

Teakventilators with fixed glazed shutters 
and perforated zinc sheet between 
them. 

891 „ ... 

Eoofing with Mangalore tiles over ceiling 
tiles. 

2,361 „ ... 

Eoofing with fibro-cement slates. 

1,786 „ ... 

Levelling course of concrete, 4* thick, 
under flooring. 

1,806 „ ... 

Paving with patent stone. 

’ 829 „ ... 

Eendering with Portland cement. 

1,831 „ ... 

Plastering with cement, thick) and 

painting with paripan, 

614 „ ... 

Cement plastering, thick. 

680 „ ... 

Plastering with lime mortar, two coats 
(inside). 

3.056 „ ... 

Plastering with lime mortar, two coats. 

674 ... 

Painting, three coats. 

9,848 „ ... 

Painting, two coats, 

' ' 

Finishing chimney. 


Coustcuoting oooking range, complete. 


Quantity. 

Description of work. 

144 sq. ft, 

16 „ ... 

i 

Zinc sheet for valleys. 

Cupboard with necessary frames and 
fittings, 

1 Contingencies at 5 per cent. 

Petty supervision at per dent. 

Total Es. 


Special Ward For A Larger Hospital : Plates 
61 And 52. 

In the above plates is illustrated the type 
design No. 120f issued with proceedings of 
the Madras Sanitary Board, No. 686-S., 
dated 10-12- 19 12. The specification report which 
accompanied this design was as follows: Found- 
ations : A depth of 3 feet is provided, the lower 

1 foot 6 inches being concrete of broken biick 
in lime mortar and the upper 1 foot 6 inches, brick 
in lime mortar. Basement : Brick in lime mortar, 

2 feet high. Pressure: Maximum pressure on 
the soil is ‘50 ton per square foot. Walling: 
Walls and arches will be built of brick in lime 
mortar. Internal corners should be rounded. 
Cutstone work: Bed stones under trusses, base 
stones of verandah posts, corbel to verandah wall 
purlins, sill stones of doorways flash with the floor. 
Woodwork: One of the timbers mentioned in 
Circular No. 2040 C., dated 27th April 1909, as 
applicable to Table I of Circular No. 234 0., dated 
9th January 1908, should be used. Doors, 
windows and ventilators : Teak as per list given 
below : 

A: Door, J panelled and! glazed ... 4'-6"X8'-6". 

B : Door, teak battened ... 3'-0"x6^-6". 

C : Window, glazed ... ... 4'-0" x5' 0". 

D : Window, frosted glass ... 5^-0''^4^-0". 

E : Window, teak battened ... 3'-0"^4'-0". 

F: Ventilator, with fixed glazed 
shutters and perforated zinc 
sheet between them ... 4^-0'^^ 1^*6". 

Eoofing: Mangalore tiles over ceiling tiles with 
air spaces on teak reapers for wards of single and 
four beds. Fibro-cement slates on teat reepers for 
verandahs, kitchen and bath rooms. Flooring: 
Pave the floor of wards, verandahs and passages 
with any suitable class of patent stone on 4 inches 
concrete. The floors of bath room and kitchen will 
be paved with thin stone slabs on 4 inches 
concrete and pointed with Portland cement. 
Finishing : The internal walls of wards will be 
rendered with cement and painted over with 
“ paripan ” or other suitable white glossy washable 
paint. The interior of bath rooms will be rendered 
with J inch cement, The interior of kitchen will 
be plastered with lime mortar, two coats. The 
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exterior throughoiiti will be plastered. All doors, 
windows and ventilators will be painted with three 
coate of approved colour and the roof timbers with 
two coats of approved paint. Cost : Toe buildings 
shown upon the drawings is estimated to cost from 
Es. 7,880 to Es. 11,800 according to locality. 

Abstract Of Quantities For A Special Ward 
For A Larger Hospital: Plates SI And S2. 


Quantity, 

Description of work, 

5,U4 0 . ft. 

Excavation for foundations. ! 

4,0U „ 

Filling in baseme#with eitth. i 

2,517 „ 

Concrete, broken brick in lime mortar. 

3|3i3 „ 

Brick in lime mortar (foundation and 
basement). 

4,030 „ 

Brick in lime mortar (superstructure), i 

149 „ 

Archwork, brick in lime mortar, ; 

51 „ 

Outstone work. 

167 lb. 

Wrought iron work. 

43‘6i c. ft. . 

Timber, wrought and put up. 

106 sq. ft. 

Plain barge board including two coats of ! 
painting. 

10 r. ft. 

Wooden shelves, l' 6" wide, i” thick, 
supported on brackets. j 

230 sq. ft, 

Teak doors, | panelled and § glazed j 
including frames and iron fittings i 
complete. ' 

59 „ 

Teak battened doors with frames and, 
iron fittings complete. i 

160 „ 

Teak glazed windows with frames and | 
iron fittings complete. ’ 

40 „ 

Teak windows with frosted glass including 
frames and iron fittings complete. j 

24 

Teak battened windows with frames and ! 
iron filings complete. j 

96 » 

Teak ventilator with fixed glazed shutters i 
and perforated zmc sheet between them. | 

1,654 „ 

Roofing with Mangalore tiles over ceiling 
tiles with air spaces. 

3,006 „ 

Roofing with fibro-cement slates. 

2,673 „ 

Levelling course of concrete, 4" thick. 

2,601 „ 

Paving with patent stone. 

453 „ 

Paving with thin stone slabs and point* 
ing with Portland cement. 

4.162 

Plastering with lime mortar, two coats. 

3,242 „ 

Plastering with cement, 1" thick and j 
painting with paripan. 

588 „ 

Plastering with j" cement. 

1.U3 „ 

Painting, three coats. 

3.942 „ 

Painting, two coats. 

L.S. 

Constructing oven in kitchen. 
Contingencies at 5 per cent. 

Petty supervision at per cent. 

Total Bs. 

Maternity Ward; Plates 63 And 84. 

In the above plates is illustrated the type design 

0 . 121 issued with proceedings of the Madras 


‘Sanitary Board, No, 686*8., dated 10-12-1912. 
The specification report which accompanied this 
design was as follows ; Foundations; A depth of 3 
feet is provided, the lower 1 foot 6 inches being 
concrete of broken brick in lima mortar and the 


upper 1 foot 6 inches, brick in lime mortar. 
Basement: Brick in lime mortar, 2 feet high. 
Pressure : Maximum pressure on the soil in front 
wall of the ward is Ooi ton par square foot. 
Walling: Walls and archwork will be built of brick 
in lime mortar. InEernal corners should be 
rounded. Outstone work : Templases under trusses, 
bases of verandah posts, corbels to support verandah 
wall purlins, bad plates under lintels over windows 
H, and blocks for door frames. Woodwork: One 
of the timbers mentioned in Circular No. 2040 0. 
of 276h April 1909 as applicable to Table I of 
Circular No. 234-0. of 9th January 1903 should 
be used. Doors, windows and ventilators : Teak as 
per list given below : 

A : Door, 3 panelled, I glazed ... 4^'6^'X8^-0*\ 
A^: Door, panelled ... ... 4'-6"x8'“0". 

B : Door, lr panelled, I glazed ... 4'-0''X8'-0". 

0 : Door, panelled ... ... 4'-0"x8''0". 

D : Door, battened ... ... 3'-0"x7'-0". 

E : Window, glazed ... ... 4'-0"x7'*0''. 

I : Window* inside glazed, outside 

venetianed ... 4'-0"x7'-0" 

G : Window, glazed ... ... 3'-0"x4' 0". 

H: Window, glazed ... ... 7'-0"x6'-0". 

J : Ventilator, glazed with perfor- 
ated zinc sheets ... r-6"x3'-6". 

Eoofing : Mangalore tiles over fiat tiles with air 
spaces, on teak reepers for delivery ward, main ward, 
ward kitchen, nurses room, nurses linen and store 
room and septic ward. Fibro-cement slates on 
teak reepers for verandahs, covered passage, latrine 
and bath room. Flooring : With the exception of 
bath rooms and latrines, the flooring will consist of 
any suitable class of patent stone over 4" concrete. 
Birds Calcutta Indian patent scone, or Bombay 
Co.’s (Madras) Truscon flooring enamel laid over 
a coat of cement plaster, is recommended. The 
bath rooms and latrines should be floored with thin 
Cuddapah slabs pointed with cement, ori" Portland 
cement laid over 4" concrete. Finishing: The 
interior of main ward, delivery ward and septic 
ward will be painted with paripan “ glossy " or 
other “glossy” white washable paint on a coat of 
Portland cement plaster, i" thick. The interior of 
all other rooms and the exterior throughout will 
be plastered with two coats of lime mortar. All 
doors, windows and ventilators will be painted 
with three coats of approved colour and the roof 
timbers with two coats of approved paint. Cost : 
The building shown upon the drawings is estimated 
to cost from Rs. 8,460 to Rs. 12,700 according to 
locality. 
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Abstract Of Quantities For A Maternity 
Ward : Plates 53 And 55. 


Quantity. 

Dascription of work. 

5,3i9 

Excavation for foundations* 

3,730 „ ... 

Pilling in basement with earth. 

2,696 „ ... 

Concrete, broken brick in lime mortar. 

3,254 „ ... 

Brick in lime mortar (foundation and 
basement). 

4,325 „ ... 

Brick in lime mortar (superstructure). 

. 178 „ ... 

Arohwork, brick in lime mortar. 

30 „ ... 

Cutstone work. 

0'18 ton, ... 

Rolled steel joists. 

78 ib. ... 

Wrought iron work. 

358*48 0 . ft. ... 

Timber, wrought and put up. 

53 sq. ft. ... 

Weather boarding with 3 coats of paint- 
ing. 

116 „ ... 

Barge boarding with 3 coats of painting, 

208 „ ... 

Doors, panelled and f glazed with 
frames and fittings, complete. 

104 „ ... 

Doors, panelled with frames and fittings, 
complete. 

84 „ ... 

Doors, battened with frames and fittings, 
complete. 

468 „ ... 

Windows, glazed with frames and fit- 
tings, complete. 

56 „ ... 

Windows, inside glazed and outside vene- 
tianed with frames and fittings, com- 
plete. 

63 „ ... 

Ventilators, glazed with perforated zinc 
sheets between them, 

2,375 

Roofing with Mangalore tiles over fiat 
tiles, air-spaced, including teak ree- 
pers, complete. 

2,083 „ ... 

Roofing with fibro-cement slates inolud. 
ing reepers, etc. 

2,533 „ ... 

Levelling course of concrete, 4* thick. 

2,832 „ ... 

Paving with patent stones. 

181 „ ... 

Rendering with Portland cement, ^"tbiok. 

6,104 „ ... 

Plastering with lime mortar, 2 coats. 

2,633 „ ... 

Plastering with cement and painting 
with paripan, 2 coats. 

1,521 „ ... 

Painting, 3 coats. 

4,161 „ ... 

Painting, 2 coats. 

533 „ ... 

Ferro- concrete partition with necessary 
doors, etc., complete. 

60 „ ... 

Screens with necessary frames, etc., 
complete. 

35 „ ... 

Cupboards. 

Contingencies at 5 per cent. 

Petty supervision at 2J per cent, ... 


Total Bs. ... 


A Phthisis Ward For 12 Beds: 

Plates 55 And 56. 

In the above plates are illustrated the type designs 
Nos. 142 and 143 issued with proceedings 
of the Madras Sanitary Board, No. 243-S., 
dated 9-4-1913. The specification report which 
accompanied these designs was as follows : Founda- 
tions: A depth of 3 feet is provided in the 
quantities, the lower 1 foot 6 inches being concrete, 
broken brick in lime mortar and the upper 1 foot 
6 inches, brick in lime mortar. The required depth 


and width will be settled locally according to the 
nature of the soil. Basement will consist of brick in 
lime mortar 3 feet high for ward and 2 feet 6 inches 
high for passage, bath room and latrine. Super- 
structure : The walls of bath room and latrine and 
the piers of the ward will be of brick in lime mortar. 
All corners should be rounded. Between the piers 
all round there will be movable shutters in 3 
parts, as shown in detail in plate 56. {a) The 
bottom (2' 6") will be of “ Lammit ” or similar 
sheets secured to teak frames and the shutters 
will be hinged at bottom so as to open outwards 
and lie flat against the plinth where they will be 
secured by a buttap. {b) The large middle shut- 
ters will be similar'sheets revolving on side pivots 
with wires and brass rings for fixing on to brass 
pegs so as to hold them open at different angles, 
(c) The top will consist of glass shutters, swinging 
on side pivots, and similarly regulated by means of 
wires, brass rings and pegs. Stone work; Base 
stones under verandah posts and templates under 
bearings of girders will be of dressed cutstone. 
The steps will be paved with Guddapah or 
other stone slabs set in lime mortar, and pointed 
with Portland cement ; or they may be stone if 
procurable without great expense. Doors and 
windows will be of teak as per description given 
below : 

A : Door, braced and battened ... 3'-0" 6'-6". 
B: Door, do. ... 2'.6"x6'.6'' 

0: Window, glazed ... 3'-0"X4:'-0". 

D: Door, i panelled and I glazed... 5'-0"X8''0". 

Wood work : The type schedule provides for one of 
the timbers mentioned in the Chief Engineer’s 
Circular Memorandum No. 2040-C., dated 27th 
April 1909, as applicable to Table I of Circular 
Memorandum No. 234- C., dated 9th January 1908. 
Eoofing: The roof of the ward will be Madras 
terrace with a projection of about 4 feet all round 
to shade the clerestory basements. The roof over 
bath room and latrine will be of plain Mangalore tiles 
on teak reepers, and that over passage, fibro-cement 
slates on teak reepers. Flooring of ward will be 
any suitable class of patent stone or cement render- 
ing, i" thick, over 4" concrete, the floor being 
highest in the middle with slight fall towards 
channels along outside walls with rounded corners. 
The floor of passage, bathroom and latrine will be 
rendered with cement over 4" conofete. 
Finishing ; The exterior of basement, and the in- 
terior and exterior of walls and piers in super- 
structure will be plastered with lime mortar, 2 coats, 
with the exception of internal- walls of bath room 
and latrine which will be rendered with cement to a 
height of 5 feet from the floot. The doors, windows 
and clerestory windows will be painted three 
coats of glossy washablo- paint and roof timbers. 
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two Goats. The Lammit panels will be painted 
with waterproof paint. Cost: The cost of the 
building shown in the drawings varies from 
Ks, 6,000 to Es. 9,000 according to iocality. 

Abstract Of Quantities For A Phthisis Ward 
For 12 Beds: Plates 5S And S6. 


Quantity. Description of work, 


2,334 c. ft. 
3,183 „ 
1,190 „ 
1,561 „ 


1,575 

37 


>1 

II 


84 sq. ft 


33 c. ft. 
2'93 tons. 
2'S3 „ 

7 lbs. 
287*60 Q. ft. 
22 sq. ft 


80 „ 

1,278 „ 


1,691 „ 



1,268 „ 
1,010 „ 
384 „ 


3,628 „ 
292 „ 
1,602 „ 

2,512 „ 
900 „ 
155 r. ft. 
Nos. 2 


Excavation for fcundatioos. 

PilliDg in basement with earth. 

Concrete, broken brick in lime mortar. 
Brick in lime moi||tr (foundations and 
basement), 

Brick in lime mortar (superstructure). 
Archwork, brick in lime mortar. 

I Partition, 44" thick, brick in cement 
; mortar, reinforced with two strings of 
; hoop iron every third course. 

! Cutstone work, 
j Rolled steel joists, 

I Hoisting and setting the rolled steel 
joists. 

Wrought iron work. 

Timber, wrought and put up. 

Barge board, thick, including three 
coats of painting. 

Doors, braced and battened with frames 
and fittings complete. 

Doors, I panelled and | glazed with 
frames and iron fittings complete. 
Windows, glazed with frames and iron 
fittings complete. 

Movable shutters, | glazed and f lammit | 
panel including frames and fittings 
complete. 

Terracing with brick on edge, 3" concrete, 
three courses of flat tiles, top and bot- 
tom, lime plastered. 

Roofing with plain Mangalore tiles in- 
cluding teak reepers complete. 

Roofing with fibro-cement slates on teak 
reepers including fixing complete. 
Levelling course of concrete, 4" thick. 
Paving with patent stone. 

Rendering with f" Portland cement, 
Paving with Oaddapah slab set in mor- 
tar and pointed with Portland cement. 
Plastering with lime mortar, two coats. 
Rendering with Portland cement. 
Painting, three coats, of glossy washable 
paint. 

Painting, two coats. 

Painting with water-proof paint. 
Masonry drain all round the building. 
Buckets for receiving the sullage water. 
Zinc spouts. 

Contingencies at 6 per cent, 

Petty supervision at 2| per cent. 

Total Es. ... 


Contagious Diseases, Isolation Op Cholera 
Ward : Plates 87 And 88. 

In the above plates is illustrated tbe type design 
No. 165 issued with proceedkgs of . the Madras 


Sanitary Board, No. 93-S.. dated 4-2-1915, and 
847-S., dated 12-11-1915. Tfae specification report 
which accompanied this design was as follows: 
Fcucdatmcs : A depth of 3 feet; is provided, the 
lower 1' 6'" being concrete of broken brick in lime 
mortar and the upper 1 ' 6*', brick in lime mortar, 
Tbe depth of foundations wilt be settled locally 
according to tbe nature of the soil Basement: 
Brick in lime mortar, 2 feet high. Walling : The 
walls and partitions will he brick nogged in lime 
mortar. Galvanized wire netting will be provided 
on top of main walls to allow free ventilation. 
Stonework : Bases of verandah posts will be of cut 
stone. Doors and windows : These will be as per 
description given below : 


A: Doors, -J panelled and f glazed ... 
B : Doors, battened ... 

C : Doors, battened ... 

D: Windows, glazed ... 

E : Windows, glazed ... 


4^0" X 7^4". 
4'-0"x6^6". 
2'-6"X6'.6". 

3'-0"X4'.0". 


Woodwork : The door and window shutters will be 
of teak wood and all woodwork will be of country 
wood. Hoofing : Tbe roof will be of fiat and pan 
tiles over teak reepers with cbunam borders, etc. 
Flooring : The floors will be of V cement plaster 
over 4" concrete bed. Finishing: Tbe basement 
and steps will be plastered with Portland cement 
and the walls with lime mortar, two coats. All the 
woodwork including doors and windows will be 
painted with solignum. Cost; The building is 
estimated to cost from Es. 3,300 to Es. 4,950 
according to locality. Note : If only 4 beds are 
required, each ward should be made 8' 6" shorter. 


Abstract Of Quantities For A Contagious 
Diseases, Isolation Or Cholera Ward : 
Plates 57 And 58. 


Quantity. 

Description of work. 

2.5730. ft. ... 

Excavation for foundations, 

2,635 „ 

Pilling in basement with earth. 

1,301 „ 

Concrete, broken brick in lime mortar. 

1,591 

Brick in lime mortar, foundations and 
basement, 

440 „ 

Brick nogged. wall in mortar. 

2 

Cutstone blocks. 

120 sq.ft. ... 

Teak doors, 1/3 panelled and 2/3 glazed 
with fastenings, etc., complete, 

85 „ ... 

Teak doors, battened do. 

264 „ ... 

Teak windows, glazed shutters, complete. 

120 „ 

Galvanized swing shutters. 

1,581 ... 

Levelling course of concrete, 4" thick. 

2,383 „ ... 

Rendering with Portland cement, 
thick. 

2,857 ... 

Roofing with fiat and pan tiles over teak 
reepers including lime mortar borders, 
etc,, complete. 
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Quantity. 

Description of work. 

303 lbs. 

376*11 c. ft, .. 
4,375 sq. ft. .. 
2.344 „ 

394 sq.ft. ... 

Wrought iron work. 

lountry wood, wrought and put up. 

Painting with solignum. 

’^laatering with lime mortar, two coats. 
Galvanized wire netting with necessary 
frames including painting, etc., 
complete. 

Contingencies at 5 per cent. 

Petty supervision at per cent. 

Total Es. 


An Operation Theatre; Plates 59, 60 And 61. 

In the above plates are illustrated the type designs 
Nos. 123 and 124 issued with proceedings of the 
Madras Sanitary Board, No. 686-S, dated 
10-12— 1912 and No. 770-S, dated 21-8-1914. 
The specification report which accompanied these 
designs was as follows : Foundations : A depth of 
3 feet is provided, the lower 1 foot 6 inches being 
concrete of broken brick in lime mortar and the 
upper 1 foot 6 inches will be brick in lime mortar. 
Basement : Brick in lime mortar, 2 feet high. 
Pressure : Maximum pressure on the soil will be 
'74 ton per square foot. Walling: Walls and arches 
will be built of brick in lime mortar. Internal cor- 
ners should be rounded. Cutstone work : Bed stone 
under girders, base stones of verandah posts, blocks 
for door frames and corbels of verandah wall pur- 
lins. Woodwork: One of the timbers mentioned 
in Circular No. 2040*0. of 27th Anril 1909, as 
applicable to Table 1 of Circular No. 234*0. of 
9th January 1908, should be used. Doors and 
windows : Teak as per references given below : 


A : Door, J panelled f glazed 

B : Single leaf door, | glazed with 

4'-6"x8'-6", 

foot lever 

4'.6"x8'.6" 

C r Single leaf door, panelled 

4'-6"x8'.6". 

D : Door, battened 

3'-0"X6'-6" 

E : Window, glazed 

4'*0"x7'.0" 

F : Window, glazed 

. 10'-0"X9'-6". 

G: Window, glazed ... 

, 7'-0"x9'*6". 

H: Ticket window, panelled shutter. 2'-4|"X 2 -0". 

I : Almyrab, panelled shutter 

3'*6"x7.0" 

J : Window, glazed ... 

3'-0"x4'-0" 


Eoofing : With the exception of roofs over operation, 
sterilising, anaesthetic and surgeon’s . preparation 
rooms, cover the roofs with fibro-eement slates. 
Construct the roofs of the above mentioned rooms 
with jack-arched terrace supported on rolled steel 
joists. Flooring : The floors of main rooms and 
verandahs will consist of any suitable kind of patent 
stone over 4" concrete. The bath room will be 
paved with thin Cuddapah slabs pointed with Port- 
land cement or rendered with F Portland cement 
t^yiailnoscrete. . ...Finishing;, The interior of main 


rooms will be plastered with cement and painted 
two coats of paripan or other suitable white wash- 
able paint. The interior of bath room will be ren- 
dered with Portland cement to a height of 3 feet 
and above that, plastered with lime mortar, two 
coats. The exterior throughout will be plastered. 
All doors and windows will be painted three coats 
of approved colour and roof timbers, two coats 
of approved paint. The window facing the 
operation table must face north. Cost : The build- 
ing shown upon the drawings is estimated to cost 
from Es. 4,800 to Es. 7,200 according to locality, 
A single leaf door, panelled, as per type design 
No. 124 shewn ^ plate 61 should be inserted 
between the sterilising room and the surgeon’s 
preparation room shown on the Sanitary Board’s 
type design No. 123 shown in plates 59 and 60. 

Abstract Of Quantities For An Operation 
Theatre : Plates 59, 60 And 61. 


Quantity. 

Description of work. 

3,069 0. ft. ... 

Excavation for foundations. 

1,883 „ ... 

Filling in basement with earth. 

1,532 „ 

Concrete, broken brick in lime mortar, 

1,930 „ ... 

Brick in lime mortar (foundation and 
basement,) 

3,131 „ ... 

Brick in lime mortar (superstructure). 

144 „ ... 

Arohwork, brick in lime mortar. 

120 r. ft. ... 

Cornice, brick in lime mortar. 

37 c. ft. ... 

Cutstone work. 

107-57 0. ft.... 

Timber, wrought and put up. 

22 sq.ft. ... 

Plain wooden barge board including two 
coats of painting. 

38 „ ... 

Teak doors, | panelled and | glazed with 
parliamentary hinges and without 
sills including frames and iron fittings 
complete. 

.38 „ ... 

Teak single leaf door, ^ panelled and f 
glazed fitted with foot lever and 
parliamentary hinges and without sills 
including frames and iron fittings, 

1 etc., complete. 

77 „ ... 

Teak panelled single leaf doors with 
foot lever, parliamentary hinges and 
without sills including frames* and 
iron fittings, complete. 

39 » ... 

Teak batten doors with frames and iron 
fittings, complete. 

124 „ ... 

Teak glazed window with frames and 
iron fittings, complete. 

162 „ ... 

Teak glazed windows with frames and 
iron fittings, complete, big size. 

6 „ ... 

Teak ticket window. 

74 „ ... 

Teak almyrahs with panelled shutters 
including frames and iron fittings, 

1*93 tons..: 

complete. 

EoHed steel girder. 

1-93 „ ... 

Hoisting and setting girders. 

859 lb. 

Wrought iron work, 

730 sq.ft. ... 

Jack-arched roofing. 

1,413 „ ... 

Roofing with fibro-eement slates. 

922 sq.ft. ... 

Levelling course of concrete, 4' thick, 

1,648 ■ „ 

Paving with Indian patent stones set in 
cement. 
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Quantity, 

i 

: Description cf work, 

! 

1 79 zq ft, ... 

Paving with Cuddapah slabs over 
mortar and pointing with Portland, 

' cement. 

381 „ ... 

■ Plastering with cement and painting, 

! with paripan. 

87 „ ... i 

Plastering with cement, 1"' thick. 

212 „ ... I 

Plastering with lime mortar, two coats.; 

2,977 „ ... 

Plastering with lime mortar, two coats, 
(exterior). 

867 „ 

Painting, three ccats, 

1,258 „ 

i 

Painting, two coats, 

Contingencies at 5 per cent, 

Petty supervision^t 2^ per cent. 

“ Total Bs. 


Out-Patient Dispensary For Women And 
Children ; Plates 63 And 64. 


In the above plates is illustrated the type 
design No. UO issued with proceediugs of the 
Madras Sanitary Board, No. LS., dated 2-1-1913. 
The specification report which accompanied this 
design was as follows : Foundations : A depth of 
3 feet is provided, the lower 1 foot 6 inches being 
concrete of broken brick in lime mortar and the 
upper 1 foot 6 inches, brick in lime mortar. 
Basement: Brick in lime mortar, 2' 0" high. 
Pressure : Maximum pressure on the soil is 0’69 
ton per square foot, Walling : Walls, archwork, 
columns and cornice will be built of brick in lime 
mortar. Internal corners should be rounded. 
Cntstone work: Templates under girders, bases of 
verandah posts, corbels to support verandah wall 
purlins, sills of doors and lintels over ventilators. 
Woodwork : One of the timbers mentioned in the 
Chief Engineer’s Circular No. 2040-0., dated 27(ih 
April 1909, as applicable to Table I of Circular 
No. 234-0 , dated 9th January 1908, should be used. 
Doors, windows and ventilators : Teak as per list 
given below : 

A : poor, J panelled and f glazed ... 4'-0"x8'-0". 

B : Single leaf door, panelled ... 4'-0"X8'-0". 

C: Do. do. ... 3'-6 "x7'.0". 

D : Window, glazed pivoted top and 

bottom. ... 4'.0'^ x5;.0". 

E : Window, venetianed with iron bars 3'-6" x 6'-0". 

F: Window, glazed ... 6'-0"x6'-0". 

G : Single leaf door, i panelled and 

I glazed ... 4'-6"x8'-6''. 

H : Door, braced and battened ... 3^-0" x 6'- 6". 

K; Door, braced and battened ... 2'-6^' X 6'-6", 

L: Window, frosted glass ... 3^*0"x4'-0". 

M : Ventilator, . with fixed glazed 
shutters and perforated zinc 
sheet between ... 4'-0"xl'.6". 

Eoofing: With the exception of the roof over 
latrine, verandah and passage, cover the roof with 
IS 


Madras terracing with brick on edge, 3 inches con- 
crete, three courses of dit tiles, top and l3ottoin, 
lime plastered. The latrine, verandah and passage 
will be roofed with fibro-cement slates on teak 
reepers. In localities where the rainfall is heavy, 
a verandah roof consisting of glazed Mangalore tiles 
should be provided on the north side of the examina- 
tion room. Flooring : With the exception of the 
latrine, the floors will consist of any suitable class 
of patent stone on 4'“ concrete. The latrine will 
be paved with thin stone slabs on 4" concrete and 
pointed with Portland cement. Finishing: The 
interior of examination room and dressing room 
will be painted with paripan or other suitable white 
glossy washable paint on a coat of Portland cement, 
i" thick. The interior of all other rooms excepting 
the latrine will be plastered with two coats of lime 
mortar. The interior of latrine will be plastered 
with Portland cement. The exterior throughout 
will be plastered with lime mortar. All doors, 
windows, ventilators and girders will be painted 
three coats of approved paint and the roof timbers 
painted, two coats. Cost: The building shown 
upon the drawings is estimated to cost from 
Es. 5,400 to Es. 8,100 according* to locality. 
Note: The position which the operation room 
should occupy, if required, is indicated by dotted 
lines on the plan. It is not provided for in the 
quantities. 


Abstract Of Quantities For An Out-Patient 
Dispensary For Women And Children : 
Plates 63 And 64. 


Quantity, 

Description of work, 

4,014 c.ffc. ... 

Excavation for foundations. 

2,280 „ 

Filling in basement with earth. 

2.062 „ 

Concrete, broken brick in lime mortar# 

2,54T „ ... 

Brick in lime mortar (foundations and 
basement), 

3,848 „ ... 

Brick in lime mortar (superstructure). 

27r,it. ... 

Brick columns, 1' 3* diameter, in lime 
mortar with base, capital and bond 
stones including plastering, complete. 

109 o.ft. ... 

Arohwork, brick in lime mortar. 

lesr.ft, ... 

Cornice, brick in lime mortar, projecting 
S", including plastering. 

1 74 oft, ... 

Outstona work, 

i 0’49 ton 

Rolled steel joists. 

i 0-49 „ 

Hoisting and setting the joists- 

! 65 lbs. ... 

; Wrought iron work. 

; 169'80 o.ft, ... 

Timber, wrought and put up. 

32 eq ft. ... 

Wooden barrier including painting, com- 
plete. 

128 „ 

1 

Doors, 1 panelled and | glazed with 
frames and iron fittings, complete. 

57 „ ,.J 

i 

Single leaf door, panelled with frames' 
and iron fittings, complete. 

36 

Doors, braced and battened with frames 
and fittings, complete. 
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Qaantity. 

Desorip'.ion of work, 

40 Eq, ft. ... 

Windows, glazed, pivoted top and bottom 
including frames and fittings, com- 
plete. 

35 „ ... 

Windows, venetianed with iron bars in- 
cluding frames and fittings, complete. 

86 „ ... 

Windows, glazed with iron casements. 

12 „ ... 

Windows, with frosted glass shutters, in- 
cluding frames and fittings, complete. 

36 „ ... 

Ventilators with fixed glazed shutters and 
perforated zinc sheet between them. 

665 „ 

Madras terrace roofing. 

1,360 „ 

Eoofing with fibro-cement slates includ- 
ing teak reepers, complete. 

1,401 „ 

Levelling course of concrete, 4'' thick, 

1,666 „ 

Paving with patent stone. 

170 „ 

Paving with thin stone slabs and point- 
ing with Portland cement. 

1,396 „ 

Plastering with cement, thick and 

painting with paripan. 

299 „ 

Plastering with Portland cement, thick. 

4,694 „ 

Plastering with lime mortar, two coats. 

843 „ 

Painting, three coats. 

1,823 „ 

No. 2. 

Painting, two coats, 

Ticket windows including counters, 
frames, fittings and wood oiling, 
complete. 

7l£q. ft. ... 

Ouddapah slab shelves including wooden 
brackets and paintiug, complete. 

33 „ ... 

Lead sheets for valleys. 

Contingencies at 5 per cent. 

Petty supervision at per cent. 

Total Bs, ... 


A Kitchen And Store Boom For Dispensary: 
Plate 66. 

In the above plate is illustrated the type design 
No. 148-B issued with proceedings of the Madras 
Sanitary Board, No. 918-S., dated 19-12'1913. 
The specification report which accompanied this 
design was as follows: Foundations: A depth 
of 3 feet is provided in the quantities, the lower 
1 foot 6 inches being concrete of broken brick 
in lime mortar and the upper 1 foot 6 inches 
being of brick iu lime mortar. The required depth 
and width will be settled locally according to 
the nature of the soil. Walling: Construct the 
walls of ground mould brick in lime mortar, in 
English bond according to the thicknesses shown 
upon the drawing. Stonework : Dressed base 
stones 10” x 10” x 5" are provided under the 
verandah posts. Form mortice holes T square and 
3" deep in these stones to receive tenons worked 
on the solid of the posts. Construct the steps of 
brick in lime mortar rendered with cement or they 
may be of stone, if procurable without great expense ; 
otherwise construct them of clinker brick on edge, or 
of brick rendered with Portland cement, or of 6" X 6" 
tiles laid in Portland cement at the discretion of the 
Executive Engineer. Woodwork : The scantlings 
proyided in the quantities for the timber throughout 


are suited to well seasoned Erool [xyliix dolahri- 
fomis) or Pillaimarudu iteminalia paniculata). 
All timber should be free from shakes and other 
defects and sawn die square. Verandah poets may 
be of stone, if procurable at reasonable rates. Doors, 
windows and ventilators : The styles of the doors 
and windows shall be not less thanli" thick. 
Doors and windows shall be in accordance with 
the lettered description given below : 

A : Doors, battened ... ... 3'-6"x7'.0''. 

B : Windows, battened with iron bars 3'*0' x4'-0". 

Roofs: Cover the roof with Mangalore tiles 
imbedded in mortal' over flat tiles. Flooring : Pave 
the . floor with 4" concrete rendered with Portland 
cement, i" thick. Where the soil is damp, the filling 
below the flooring should be river sand, gravel or 
brick rubble. Finishing : Cover the interior and 
exterior walls with one coat of lime plaster a'nd 
two coats of whitewash. Where good stone is 
available, the exterior should be flush pointed with 
lime mortar. Paint the roof timbers, doors, and 
windows with two coats of approved colour. Where 
woodwork is exposed to weather, lead paint shall 
be used instead of zinc paint. Cost : The building 
shown upon the drawing is estimated to cost from 
Es. 900 toRs. 1,350 according to locality. 


Abstract Of Quantities For A Kitchen And 
Store Room For Dispensary ; Plate 66. 


Quantity. 

Description of work. 

734 c. ft. 

Excavation for foundations. 

416 „ 

Pilling in basement with earth. 

377 „ 

Concrete, broken brick in lime mortar 

586 „ 

Brick in lime mortar, foundation and 
basement. 

714 

Brick in lime mortar, superstructure, 

20 „ 

Arenwork, brick in lime mortar. 

2 „ 

Cutstone. 

42-27 c. ft. .. 

Timber, wrought and put up. 

33 sq. ft. .. 

Barge board, thick, including painting 
complete. 

49 „ 

Doors, battened with frames and fi' tings 
complete. 

27 „ 

Windows, battened with iron bars, 
frames and fittings ocmplete. 

599 „ 

Roofing with Mangalore tiles imbedded 
in mortar over flat tiles including teak 
reepers complete. 

249 „ ...j 

Levelling course of concrete, i" thick. 

359 „ 

Rendering with Portland cement, 
thick. 

1.807 „ 

Plastering with lime morfar, one coat in- 
cluding two coats of white wash. 

700 „ 

Painting, two coats. 

Contingencies at 5 per cent. 

Petty supervision at per cent. 

TotalBs. ... 
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An Out-Patient Dispensary : Plates 
67, 68, 69 And 70. 

In the above plates are illustrated the type 
designs Nos. 153, 158* A and 153- B issued with 
prcceedings of the Madras Sanitary Board, No. 
609-S,, date! 6*7*1914. The specification report 
which accompanied these designs was as follows : 
Foundations : A depth of 4 feet is provided in the 
quantities, the lower 2 feet being concrete of broken 
brick in lime mortar and the upper two feet, brick 
in lime mortar. The required depth and width will 
be settled locally according to the nature of the soil. 
Basement: Brick in lime mortar, 2 feet high. 
Walling : Construct the wa® of brick in lime 
mortar, in English bond according to the thicknesses 
shown upon the drawings. Internal corners should 
be rounded. Stonework: Place dressed templates 
under the bearings of all girders and sills of doors 
flush with floor. Construct the steps of brick in 
lime mortar and pave the treads with stone slabs 
pointed with Portland cement, or they may be of 
stone, if procurable without great expense ; other- 
wise construct them of clinker brick on edge, or of 
brick rendered with Portland cement or of 6" X 6" 
tiles laid in Portland cement at the discretion of 
the Executive Engineer. Woodwork: The 
scantlings provided in the quantities for the 
timber throughout are suited to well seasoned 
teikwood, sal, ainee (artocarpus hirsuta), karama- 
rudu (fcerminalia tomentosa) irumbogum (hopea 
parviflora) or Australian jarrah, blaekbutfc or 
tallow wood. Erool (xylia dolabriformis) or 
pillaimarudu (terminalia paniculata) may be used 
with increase to size of scantlings as par Table II 
of Circular No, 284-0., dated 9th January, 1908. 
All timber should be free from shakes and other 
defects and sawn die square. Doors, windows 
and ventilators : The styles of the doors and 
windows shall be not less than thick. Doors 
and windows shall be of teak and shall be in accord- 
ance with the lettered description given below : 

D : Door, panelled (not raised panels) 4'-6" x 
T: Window, sliding shutters ... l'-10i"x I'.fl". 

Y: Window, U. S. sash ... 

W : Window, glazed 4 obscured white 

glass and 4 plain glass ... 4'-0"x7'.0A 
S: Window, g’azed ... 4'-0"X5'-6". 

Sunshades: Construct the sunshades over the 
windows in operation and dressing rooms for males 
and females, of plain Mangalore tiles on teak reepers 
and bracketed frames as shown upon the drawirgs. 
Eoofs: With the exception of the roofs over 
skylights over passages, cover the roof with Madras 
Terrace consisting of brick on edge, 3" concrete, 3 
courses of flat tiles, top and bottom, lime plastered. 
Construct the roof over skylights with glazed Man- 
galore tiles except those portions resting on walls all 


round which will be of earthen Mangalore tiles. 
Provide and fix 4" teak or other ceiling boarding 
under the rafters over the lantern of dispensary 
room, hlooring : Pave th.e floors with any suitable 
class of patent stone on 4'' concrete. Where tbo soil 
is damp the filling below the flooring should be river 
sand, gravel or brick mbble. Finishing: The 
interior walls of clinical laboratory, dressing, opera- 
tion and examination rooms will be painted with 
paripan or other suitable white glossy washable 
paint on a coat of Portland cement, i" thick. The 
interior walls of the other rooms and the exterior 
ones throughout will be plastered with two coats of 
lime mortar. Where good stone is available, the 
exterior should be flush pointed with lime mortar. 
Paint the roof timbers with two coats of approved 
paint ; girders, doors and windows with three coats 
of approved colour. Where woodwork is exposed 
to weather, lead paint shall be used instead of zinc 
paint). Cost : The building shown upon the draw- 
ings is estimated to cost from Es. 18,200 to 
Es. 27,300 according to locality. 


Abstract Of Quantities For An Out-Patient 
Dispensary: Plates 67, 68, 69 And 70. 


i Quantity. 

Description of woik, ' 

i 11,216 c, ft. 

1 ! 

.. Excavation for foundations. 

: 7,563 „ 

..'Filling in basement. 

i 5.816 „ 

.. Concreta, broken brick in lime mortar. : 

i 6,24 i „ 

.. Brick in lime mortar, foundations and | 

! basement. 

' 10,819 „ 

Do., superstructure, j 

1 673 

Arcliwork, brick in lime mortar. | 

I 369 r. It. 

..! Brick cornice, projecting 9”, brick in* 

1 lime mortar. | 

610. ft. 

..jCutstone woik, 1 

6'02 tons 

.. Rolled steel joists. j 

! 6-02 „ 

Hoisting and setting tbe joists. 1 

Lump sum 

... Holding down bolts and nuts with gusset 1 

I plates to connect girders of lantern, j 

! ” 

; Sheet iron ventilating pipe for dark room j 
including black painting, wind ties, 1 
: cap complete as per drawing. i 

! » 

Zincj downfall pipes, 4" diameter, | 

: 672 68 0. ft. . 

...j Timber, wrought and put up, 

1 45 r. ft. 

Wooden moulding including fixing and j 
j painting, complete. 

81 sq. ft. 

...| Wooden rave boards, 1" thick including 

1 fixing, psintinc, complete. 

lU „ 

...; Ceiling plank, thick, including fixing, 
paintii g, complete. 

! 574 „ 

...' Doors, panelled (not raised panels) with 
' frames and iren fittings, complete. 

Nos. 4 

Ticket windows with sliding shuttera 

1 including frames, counter boards with 
supports, iron fittings, complete. 

193 sq. ft, 

... United steel sash window including 

1 glazing with 21 cz. glass and opening 

1 gear, ccmplete, 

224 „ 

... Windows , glazed, half obscured white 
glass and half plain g!{^ including 


frames and iron fittings, complete. 
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Quantity. 


Description of work. 


132 sq. ft. 
127 » 

5,310 „ 


87 „ 
264 


5,059 „ 
5.472 „ 
539 „ 


5»7U „ 

13,794 „ 

3449 „ 
5,607 „ 
204 „ 

38 r. ft. 


Windows, glazed with frames and iron 
fittings, complete. 

Skylight with frames, fixed glazed 
shutters and perforated zinc sheet 
between them. 

Terrace roofing with brick on edge, 3" 
concrete, three courses of flat tiles, top 
and bottom, lime plastered, 

Boofing with glazed Mangalore tiles 
including reepers. 

Booflng with plain Mangalore tiles 
including reepers. 

Plain Mangalore tiled sunshades sup- 
ported on wooden brackets including 
reepers, painting, complete. 

Levelling course of concrete, 4'^ thick. 

Paving with patent stone. 

Paving with thin Cuddapah slabs over 
lime mortar and pointing with 
Portland cement. 

Plastering with cement, thick and 
painting with paripan. 

Plastering with lime mortar, two coats, 
interior and exterior. 

Fainting, three coats. 

Painting, two coats. 

Ferro concrete partition including 
fixing, finishing, complete. 

Reinforced concrete lintel, 6" deep and 1’ 
IJ" wide. 

Contingencies at 5 per cent. 

Petty supervision at 2^ per cent. 

Total Rs. ... 


An Out-Patient Dispensary : Plates 71 And 72. 

In the above plates is illustrated the type design 
No. 162 issued with proceedings of the Madras 
Sanitary Board, No. 1055-S., dated 18-11-1914. 
The specification report which accompanied this 
design was as follows : Bound ations: A depth of 
3 feet is provided, the lower V 6" being concrete of 
broken brick in lime mortar and the upper l'6", 
brick in lime mortar. Basement: Brick in lime 
mortar, 1'6" high. Pressure : Maximum pressure on 
the soil is 0’80 ton per square foot. Walling: All 
walls will be of brick in lime mortar aceordiog to 
the thickness shown .upon the drawing. Stone- 
work : Bed stones under girders, bases of verandah 
posts, corbels to support verandah wall purlins, sills 
of doors (flush with floor) and of iron grated openings 
will be of cut stone. Woodwork : All woodwork 
will be of well seasoned wood. Doors and windows : 
All doors and windows will be of teakwood accord- 
ing to the lettered description given below : 


A : Door, J panelled and | glazed.. . 4'-0" X 8'-0". 
B : Door, panelled ... ... 4''0" x 8'-0". 

0 : Window, glazed, pivoted top and 

bottom ... ... 4^-0'^^5^•0^ 

D : Wiudow, glazed, pivoted top and 
bottom ... ... 


E : Door, braced and battened ... 
E: Door, braced and battened ... 
G: Window, frosted glass 
E: Ventilators, glazed with wire 
netting 

K: Fixed, iron grating 
L : Iron grated door, with counters 
M : Single leaf door, J panelled and 
I glazed 

N : Ventilators, glazed, (semi-cir- 
eular) 

0: Window 


2'-6"X6'-6". 

3'-0"x4'.0^ 


4'-0"xr-6". 

4'.3"xl0'-0". 

4'-7Fx9'.0". 

4'-6"x8'-6^ 

4'-0"x3'-0". 

6'-0"x6'-0". 


Roofing : Roofing over waiting rooms, operation and 
dark rooms, clinieaMaboratory, and store room will 
be of Madras terra'ce. Roofing over other rooms 
and verandahs will be of fibro- cement slates on teak 
reepers. The surgeon’s dressing and dispensary 
rooms in addition have plank ceiling underneath. 
Flooring : The flooring of all rooms with the excep- 
tion of latrines will be of any suitable colour of 
Indian patent stone on 4" concrete. The flooring 
of latrines will be of thin stone slabs on 4"' concrete 
and pointed with Portland cement. Finishing : The 
interior of surgeon’s, dressing and operation rooms 
will be painted with paripan or other suitable white 
glossy washable paint on a coat of Portland cement, 
i" thick, The interior of all other rooms except 
the latrines will be plastered with two coats of lime 
mortar. The interior of latrines will be plastered 
with Portland cement. The exterior throughout 
will be plastered with lime mortar, two coats. All 
doors, windows and ventilators and girders will be 
painted three coats of approved paint and the roof 
timbers painted two coats. Cost : The cost of the 
building will vary from Rs. 13,200 to Rs. 19,800 
according to locality. 

Abstract Of Quantities For An Out-Patient 
Dispensary : Plates 71 and 72. 


Quantity, 

Description of wotk. 

7,813 0. ft, ... 

Earthwork, excavation for founclalions. 

5.448 „ ... 

Pilling in basement with earth. 

3,939 „ ... 

Concrete, broken brick in lime mortar. 

4,803 „ ... 

Brick in lime mortar (foundations and 
basement). 

6,837 „ ... 

Brick in sunerstructure, 

70 r. ft. ... 

Columns, P 3* diameter, brick in lime 
mortar with base, capital and bond 
stones including plastering, complete. 

223 0. ft. ... 

Arohwork, brick in lime mortar. 

66 E. ft. ... 

Cornice, projection 9\ brick in lime 
mortar. 

191 „ ... 

Coping, projection 3"', brick in lime 
mortar. 

103 0. ft. ... 

! Cutstone work. 

1*32 tons. ... 

Rolled steel joists. 

1*32 „ ... 

Hoisting and setting the rolled steel 
joists. 
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Quantity. 

Description of work. 

19D38 lbs. ... 

Wronght-iron work. 

430 00 c. ft. ... 

Timber, wrought and put up. 

148 sq.ft. ... 

Teak barge board including 2 ccala of 
painting, complete. 

158 „ ... 

Teak partition with necessary frames 
and doors including painting, com- 
plete. 

262 

Doers, 1 panelled and 3 glazed 'with' 
frames and iron fittings, complete. 

128 „ ... 

Doors, panelled with frames and iron ' 
fittings, complete. i 

81 „ ... 

Fixed iron grating with necessary 
fittings, complete 

83 „ 

Iron grating door %th counters, 

72 „ ... 

Doors, braced and battened with frames 
and fittings, complete. 

140 « ... 

Windows, glazed, pivoted top and bottom 
including frames and fittings, cem- 
plete. 

, 24 „ ... 

Windows, frosted glass with frames and 
fittings, complete. 

72 „ ... 

Windows, glazed, iron casement. 

12 „ ... 

Ventilators with fixed glazed shutters 
and perforated zinc sheet between 
them. 

20 „ ... 

1 

Ventilators, glazed with frames and 
fittings, complete. 

877 „ ... 

Terrace roofing with brick on edge, S" 
concrete, 3 courses of fiat tiles, top and 
bottom, lime plastered. 

4,584 „ ... 

Roofing with fibro-cement slates includ- 
ing teak reepers, complete. 

780 „ ... 

Wooden ceiling plank) including two 
coats of painting. 

3,347 „ ... 

Levelling course of concrete, 4" thick. 

4.101 „ ... 

Paving with patent stones. 

4,963 „ .. 

Plastering with cement, thick, and 

painting with paripan, two coats* 

604 „ ... 

Plastering with Portland cement, 
thick. 

6,958 „ ... 

Plasterirg with lime mortar, two coats. 

1,862 „ ... 

Paintihg, three coats. 

4.984 „ ... 

Painting, two coats. j 

No. 3. 

Counters with necessary frames and! 
fittings, complete. 

207 sq.ft. ... 

Zinc sheet for valleys. 

Contingencies at 5 per cent. 

Petty supervision at 2| per cent. 

Total Rs. 


An Out-Patient Dispensary With An 
Operation Room: Plates 73 And 74. 

In the above plates is illustrated the type design 
No. 163 issued with proceedings of the Madras 
Sanitary Board, No. 1056-S., dated 18-11-1914. 
The specification report which accompanied this 
design was as follows : Foundations : A depth of 
3' will be provided, the lower 1' 6" being stone 
concrete in lime mortar, the upper T 6" being rough 
stone in lime mortar. 2. Basement: Basement 
will be 2' high of rough stone in lime mortar. 
3. Walling: All walls will be of rough stone in 
lime mortar according to the thickness shown on 


the drawing. The lintels will be of ferro* con Crete 
slab. 4. Woodwork: All woodwork will be of 
well-seasoned teakwocd, 5, Doors, windows and 
ventilators; All doors and windows will be of well- 
seasoned teak wood and will be of the description 
given below • 

A : Doors, J panelled and f glazed 4'*0" x 8'-0". 

B : Doors, panelled ... 4'-0"X8'-0". 

C: Windows, glazed with iron 

bars ... ... 4'*0"X5'-0". 

D : Windows, glazed ... 4'-0'' x 

E: Windows, glazed with muliions S'-O^'X 7'-9". 

F : Ticket windows, panehed ... r*6"xr-10y". 
G : Doors, i panelled and 5 ground 

glass ... ... 4'-0"x8'-0". 

H : Ventilators, glazed and pivot- 
ed ... ... 4'*0''x3'-01 

6. Teakwood sunshades with necessary supports 
and brackets will be provided over windows of 
dressing rooms. 7. Roofing : Roofing throughout 
will be of Madras terracing. 8. Flooring : The 
operation room will be paved with marble slabs 
over 4" concrete and pointed with cement. All 
the other rooms will be floored with rubbed 
Ouddapah slabs over 4" concrete and pointed with 
cement. The floor of waiting places will be 
ordinary Ouddapah slabs. 9. Finishing: The 
interior of all rooms will be plastered with lime 
mortar, two coats, except operation room v^hich will 
be faced with white glazed tiled dado for 5' 
height from floor and above which plastered with 
cement, i inch thick and painted with paripan. 
The exterior throughout will be pointed with pre- 
pared mortar. 10. Doors and windows will be 
painted with three coats of approved paint and 
roof timbers with two coats of approved paint.. 
11. Cost: The cost of the building as shown upon 
the drawings will vary from Rs. 5,450 to Rs. 8,175 
according to locality. 

Abstract Of Quantities For An Out-Patient 
Dispensary With An Operation Room : 

Plates 73 And 71. 


Quantity, Description of work. 


8,848 0 . ft. ... 

Earthwork, excavation for foundations. 

1,808 „ ... 

Filling in basement with earth. 

1,954 „ ... 

Concrete, stone in lime mortar. 

2.546 „ ... 

Rough stone in lime mortar in founda* 
tions and basement. 

4,935 „ ... 

Rough stone in lime mortar in super- 
i structure. 

161 „ ... 

' Dressed stone work, 

39 „ ... 

Archwork, stone in lime mortar. 

156 „ ,.i 

Ferro-concrete slab work. 

226 sq. ft. ... 

i 

Ouddapah slab ohajja including support- 
ing cornice, complete, 
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Quantity. 

Description of work, 

98-77 c. ft. ... 

Timber, wrougbt and put up. 

S2sg. ft. ... 

Teak doors, | panelled and § glazed with 
frames and fittings, etc., complete. 

128 „ ... 

Teak door, panelled with frames and 
fittings, complete. 

128 „ ... 

Teak door, | panelled and § ground glass 
with frames and fittings, complete. 

iO „ ... 

Teak window.*?, glazed, with iron bars 
including frames and fittings, etc., 
complete. 

£0 „ ... 

Teak windows, glazed, with frames and 
fittiiags, etc., complete. 

47 „ ... 

Teak window, glazed with mullions 
including frames and fittings, com- 
plete ■ 

8 „ ... 

Teak ticket windows, panelled with 
frames and fii-tiirgs, etc., complete. 

- 120 „ ... 

Teak ventilators, glazed and pivoted with 
frames and fittings, complete. 

122 „ ... 

Teak sunshades with necessary frames, 
barge boards and brackets including 
painting, etc., complete. 

1,302 „ ... 

Terrace roofing with brick on edge, h* 
concrete, 3 courses of flat tilts, top 
and bottom, lime plastered, 

1,206 „ ... 

Levelling course of stone concrete, 4" 
thick. 

153 „ ... 

Paving with white marble slabs over 
mortar and pointing with Portland 
cement- 

839 

paving with rubbed Cuddapah slabs over 
mortar and pointing with Portland 
cement. 

504 „ ... 

Paving with ordinary Cuddapah slabs 
over 1" mnitar and pointing with 
Portland cement. 

5,042 „ ... 

Pointing with cement mortar, 

463 „ ... 

Plastering with Portland cement and 
painting with paripan. 

2,681 „ ... 

Plastering with lime mortar, two coats, 

248 „ ...: 

Dado tilo work. 

£94 „ ... 

Painting, three coats. 

1,045 „ ... 

Painting, two coats. 

44 t. ft. ... 

Cast iron hand rails including paintiicg. 
Oontingencies at 5 per cent. 

Petty supervision at 2^ per cent, 

Total Bs. 


An Out-Patient Dispensary (Small): Plate 75. 

In the above plate is illustrated the type design 
No. 169 issued with proceedings of the Madras 
Sanitary Board, No, 666-S., dated 4-9*1915. The 
specification report which accompanied this design 
was as follows : Foundation : A depth of 3'0" is 
provided in the estinaate, the lower 1'6'^ of concrete, 
broken brick in lime mortar and the upper 1'6" of 
brick in lime noortar. Basement : Basement will 
be 2' 0" deep to be built of brick in lime mortar. 
Walling: The superstructure will be of brick in 
lime mortar according to the thickness shown on 
the drawing. Stonework : Bases of verandah posts, 
corbels in verandahs and sill stones of doors will be 
of outsfcone. Woodwork : All roof timbers will be 


of best teak scantlings to be provided according to 
Chief Engineer’s Circular Memorandum No. 234 G., 
dated 9tb January, 1908. Doors and windows : 
These will be of best Burmab teak according to the 
lettered description given below : . 

A : Doors, i panelled and f glazed. 4'-0" x 8'- 0". 

B : Doors, panelled ... ... 4'-0"X8'-0". 

C : Doors, J panelled and I glazed. 3'-0" x 7'-0". 
D: Doors, panelled ... ... 3'-0''x7'.0". 

E : Windows, glazed ... 6'-0''x7'-0". 

F: Windows, glazed ... 3'-0"x4'-0". 

G: Ticket windows, panelled ... I'.lOl''. 

Eoofing : Eoofjbver all rooms will be of Madras 
terracing. Eoofs of side verandahs will be of Man- 
galore tiles over flat tiles on teak reepers. Flooring : 
Floors of all rooms and verandahs will be of 'i“ 
cement plaster over 4" concrete bed. The steps 
will be paved with Cuddapah slabs. Finishing: 
Tbe doors and windows will be painted with three 
coats of approved paint and the roof timbers with 
two coats. Cost: The building shown on the 
drawing is estimated to cost from Es. 3,100 to 
Es. 4,650 according to locality, 


Abstract Of Quantities For An Out-Patient 
Dispensary (Small) : Plate 75. 


Quantity. 

Description of work. 

2,455 c. ft. ... 

Excavation for foundations. 

1,105 „ 

Pilliug in basement with earth. 

1,271 „ 

Concrete, broken brick in lime mortar. 

1,488 „ 

Brick in lime mortar (foundations and 


basement). 

3.211 „ 

Brick in lime mortar (superstructure), 

94 „ 

Arohwork, brick in lime mortar. 

18 

Cutstone work. 

95‘00 „ 

Timber, wrought and put up (teak). 

106 sq. ft. ... 

Doors, 1 panelled and f glazed with 


frames and fittings, complete. 

116 „ ... 

Doors, panelled with frames and fit- 


tings, complete. 

156 „ 

Windows, glazed, with frames and fit- 


tings, complete, 

6 „ 

Ticket windows, panelled with frames 


and fittings, complete. 

662 „ ... 

Terrace roofing with brick on edge, 3" 
concrete, three courses of flat tiles, top 


and bottom, lima plastered. 

240 M 

Hoofing with Mangalore tiles imbedded 

736 „ 

in mortar over flat tiles including teak 
reepers, complete. 

Levelling course of concrete, 4" thick. 

861 „ 

Hendering with Portland cement, 


thick. 

104 „ 

Paving with Cuddapah slabs over 1" 

6,288 „ 

lime mortar and pointing with cement. 
Plastering with lime mortar, 2 coats. 

616 „ 

Painting, 3 coats. 

1,086 „ 

1 

Painting, 2 coats. 
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1 

j Qaantity. 

Dasoription of work. 

No. 2. .. 

Wooden seats in verandahs. 

No. 2. .. 

. Wooden screens 3’ 6" long and 7 high in 
consulting room. 

Contingencies at 5’ per cent. 

Petty supervision at 2^ per cent. 


; Total Bs. 


General Store Rooms; Plate 76. 

la the above plate is illustrated the type design 
No. 126 issued with proceediagS' of the Madras 
Sanitary Board, No. 686-S., j||ted 10-12*1912. 
The specification report whicti^ccompanied this 
design was as follows : Boundatioas ; A depth of 
3 feet is provided, the lower 1 foot 6 inches being 
concrete, broken brick in lime mortar and the upper 
1 foot 6 inches, brick in lime mortar. The depth 
and width of foundations will be settled according 
to the nature of the soil. Basement : Brick in lime 
mortar, 2 feet high. Pressure: The maximum 
pressure on the soil is 016 ton per square foot. 
Walling: Walls and arch work will be of brick in 
lime mortar, Cutstone work: Base stones of 
verandah posts. Woodwork: One of the timbers 
mentioned in Circular No. 2040-0., dated 27Dh 
April 1909 as applicable to Table I of Circular No. 
234-C. of 9i.h January 1908 should be used. Doors 
and windows : Teak as per list given below : 

A : Panelled doors ... ... 4'*0"x8|-0". 

B : Batten windows with iron bars... 4'-0" x 5'-0". 
0: Do. do. ... 2'0"x4'-0“. 

Roofing : Plain Mangalore tiles over teak reapers. 
Flooring : To be paved with thin Cuddapah slabs 
over 4 inches concrete pointed with Portland 
cement. Finishing: Plastering with two coats of 
lime plaster, both inside and outside of walls. Doors 
and windows will be painted tbree coats of approved 
paint and the roof timbers, two coats. Cost: The 
building shown upon the drawing is estimated to 
cost from Rs. 2,400 to Rs. 3,600 according to 
locality. 


Abstract Of Quantities For General Store 
Rooms; Plate 76. 


Quantity. 

Description of work. 

2,159 c, ft. ... 

Excavation for foundations. 

L1C6 „ 

Filling in basement with earth. 

1.096 „ 

Concrete, broken brick in lime mortar. 

1,^50 „ 

! Brick in lime mortar {foundation and 


basement}. 

2,234 „ 

Brick in lime mortar (saperstruoture). 

103 „ 

Arohwork, brink in lime mortar. 

2 „ ... 

Ontstone work. 


Qnntity, 

BwSeripiioD of work. 

79’47 c. ft. 

... Timber, wrought and pot up. 

... Weithec boarding, ¥ thick. 

•/9 fq. ft. 

m „ 

Teak doors, paaelleu with frames and fit- 
tings, complete. 

196 „ 

... Batteued windows with iron bars includ- 
ing frames, and iron fittings, complete. 

1,531 „ 

... Rocfiogwith plain Miugalore tiles over 
teak reepsrs, compiete. 

743 

... LeveUing course of concrete, 4“ thick, 

9S0 „ 

...; Paving with thin Cuddapah slabs pointed 
with Portland cement. 

5.073 

Plastering with 2 ccats of lime plaster, 

1,043 „ 

...' Painting, 3 coats. 

971 „ 

... Painting, 2 ccats. 

Contingencies at 5 par cent, 

Petty supervision at 2?. per cent. 

Total Rs. ... 


Kitchen: Plates 77, 78, 79 And 80. 

In the above plates are illustrated the type 
designs Nos. 127 and 123 issued with proceedings of 
the Madras Sanitary Board, No. 686-S., dated 
10-12-1912. The specification report which accom- 
panied these designs was as follows: Founda- 
tions: A depth of 3 feet is provided the 
lower 1 foot 6 inches being concrete broken brick 
in lime mortar and the upper 1 foot 6 inches, brick 
in lime mortar. The depth and width of founda- 
tions will be settled according to the nature of 
the soil. Basement : Brick in lime mortar, 2 feet 
high. Pressure : Pressure on the soil is 0‘45 ton 
per square foot. Walling: Walls and archwork 
will be built of brick in lime mortar. Woodwork : 
One of the timbers mentioned in Circular 2040-0., 
dated 27th April 1909, as applicable to Table I 
of Circular 234 0., dated 9th January 1908, should 
be used. Doors and windows : Teakwood as 
per list given below : 

A; Doors, fly proof inside, batten 

shutter outside ... ... 3'-6" X 7'-0". 

B: Windows, fly proof outside, 

glazed shutter inside ... 3'-0" X7'.0". 

0 : Windows, battened ... B'-0"x4'-0". 

Roofing : Plain Mangalore tiles over teak reepers. 
Flooring : Will be paved with any suitable class of 
patent stone over 4" concrete laid with a con- 
tinuous slope in one direction, towards a channel 
along the walls. Finishing: Both interior and 
exterior will be plastered, two coats, and white- 
washed. Doors and windows will be painted three 
coats and the roof timbers two coats of approved 
paint. Cost : The building shown upon the 
drawings is estimated to cost from Rs. 1,170 to 
Rs. 1,760 according to locality, 
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Abstract Of Quantities For A Kitchen : 
Plates 11 78, 79 And 80. 


Q'lantity. 

Description of work. 

1,036 0. ft. ... 

Excavation for foundations. 

432 „ 

Filling in basement with earth. 

829 „ 

Concrete, broken brick in lime mortar. 

735 ... 

Brick in lime mortar (foundation and 
basement). 

1,296 „ 

Brick in lime mortar (auperakuoture). 

66 „ ... 

Airchwork, brick in lime mortar. 

36-59 „ 

Timber, wrought and nut up. 

49 sq, ft. ... 

Doors, inside awing fly proof gauze 
shutter, and outside panelled shatter 
(single leaf) to fold back against the 
wall. 

56 „ ... 

Windows, outside swing fly proof, inaide 
glazed shutters complete. 

48 „ ... 

Windows, battened with frames and iron 
fittings complete. 

662 „ ...* 

R3ofing with plain Mangalore tiles over 
teak reepera complete. 

256 

Levelling course of concrete, 4" thick. 

317 „ ... 

Paving with patent stone. 

2,471 „ ... 

1 

, Plastering with lime mortar, two coats 
and white-washing. 

472 „ ... 

Painting, three coats, 

499 „ ... 

Painting, two coats. 

Finishing the chimney with plastering, 
two coats and white-washing complete. 

Constructing cooking range with counter, 
pot oven, etc., complete. 

Providing tubs and pipes, etc., for kit- 
chen. 

Contingencies at 5 per cent. 

Petty supervision at 2j^ per cent. 


, Total Es. ... 


Quarters For Hospital Seryants (6 Compart- 
ments) : Plates 81 And 82. 

la the above plates is illustrated the type design 
No. 131 issued with proceedings of the Madras 
Sanitary Board, No. 686-S., dated 10-12-1912. 
The specification report which accompanied this 
design was as follows : Foundations : A depth of 
8 feat is provided, the lower 1 foot 6 inches being 
concrete of broken brick in lime mortar and the 
upper 1 foot 6 inches of brick, in lime mortar. 
Basement : Brick in lime mortar, 2 feet high. 
Pressure ; Maximum pressure on the soil is O'A? 
ton per square foot. Walling: Walls and arehwork 
will be built of brick in lime mortar, Catsfeone 
work : Base stones of verandah posts. Wdod^vork : 
One of the timbers mentioned in Circular No. 
2040 0., dated 27th April 1909 as applicable to 
Table I in Circular No. 234-0., dated 9iih January 
1908, should be used, Boors and windows: Teak 
as per list given below : 

A : Boor, battened ... ... 3'-0"x6'-6". 

B: Boor, battened ... 2'-6"x6'.6". 

0 : Window, battened with iron bars 3'*0"X4'-0". 


Eoofing: With the exception of the roof over 
cooking shed, cover the roof with Mangalore tiles 
over flat tiles with air spaces. The roof over cooking 
shed will be of plain Mangalore tiles on teak reapers. 
Flooring Will be paved with thin stone slabs 
pointed with Portland cement or rendered with 
Portland cement over 4 inches concrete. Finishiog : 
The interior and exterior will be plastered with two 
coats of lime mortar. Boors and windows will be 
painted with 3 coats of approved colour and roof 
timbers with 2 coats of approved paint. Cost : The 
building shown upon the drawings is estimated to 
cost from Es. 4,700 to Es. 7,100 according to 
locality. A 

Abstract Of Quantities For Quarters For 
Hospital Servants (6 Compartments): 

Plates 81 And 82. 


Q lantity, 

Description of woik. 

4.948 c. ft. ... 

Excavation for foundations. 

3.103 „ ... 

Filling in basement with earth. 

2.5U „ ... 

Concrete, broken brick in lime mortar, 

3,278 „ 

Brick in lima mortar (foundations). 

4.011 

Do. (superatruoture), 

131 

Archwork, brick in lime mortar. 

3 c. h. ... 

Cutstone work. 

200-71 „ 

Timber, wrought and put up. 

332 sq. ft. ... 

Doors, batten, with frames and iron 
fittings complete. 

144 „ ... 

Windows, batten, with iron bars includ- 
ing frames and iron fittings. 

2,450 „ 

Roofing with Mangalore tiles over flit 
tiles with ait spaces including teak 
reepers. 

1.104 „ ...1 

Roofing with plain Mangalore tiles on 
teak reepers. 

2,010 „ 

Levelling course of concrete, 4" thick. 

2,427 „ ... 

Paving with thin stone slabs pointed 
with Portland cement. 

9.408 „ 

Plastering with two coats of lime mortar, 
inside and outside. 

1.142 „ ... 

Paiuting, three coats. 

2.464 „ ... 

Painting, two coats. 

Contingencies at 5 per cent. 

Petty supervision at2| per cent. 

Total Bs, ... 


Sub Assistant- Surgeon's Quarters : 

Plates 83 And 84. 

In the above plates is illustrated the type design 
No. 141 issued with proceedings of the Madras 
Sanitary Board, No. il-S , dated 16-1-1913. The 
specification report which accompanied this design 
was as follows : Foundations : A depth of 3^ 6" is 
provided in the quantities, the lower V 6^' being 
concrete of broken brick in lime mortar and the 
upper 2' 0", country brick in lime mortar. The 
required depth and width of foundations will be 
settled according to the nature of the soil 
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Basement; isvill consist of brick in lime mortar 
l' 6" high for main building and TO" high for out- 
houses and compound wall. In localities where the 
nature of lime obtainable is such as to render the 
use of surkhi desirable, surkhi may be used. 
Walling will be of brick in clay except (1) 1 foot 
round doors, windows and cupboards, f2) 1 foot at 
top of walls, (3) archwork, (4) pillars in bath 
rooms to receive the ridge pieces, (5) top of chimney, 
(6) pillars and coping of compound wall and (7) thin 
wall for sink and seats of latrine, which will be 
of brick in lime mortar. Stonework: Dressed 
base stones are provided under verandah 

posts. Provide also lintel to ^ry chimney wall 
above roof. Woodwork : Ouj of the timbers 
mentioned in Circular No. 2040-0., dated 27ch 
April 1909, as applicable to Table I of Circular 
No. 234-0., dateti 9th January 1908, should be used. 
Doors and windows are to be of the description 
given below : 

A : Door, panelled ... 3'-0"x7'-0". 

B : Door, panelled ... 2'-6"x6'-6". 

0 ; Door, panelled ... 3'-0"x6T6", 

D : Door, braced and battened ... 3'-0" x 5'-0". 

E : Window, venetianed with iron 

bars ... " ... 3^0"X4'-0". 

E ; Window, battened ... 2'-0"x4'*0". 

G: Window, battened with iron 

bars ... ... 3'*0"x4'-0". 

Sunshades: Construct the sunshade over the win- 

dows in bed and dining rooms of plain Mangalore 
tiles on teak reepers and teak brackets, Boots : 
With the exception of the roofs over bath rooms 
and kitchen, cover the roofs with Mangalore tiles 
bedded in lime mortar over flat tiles as per Memo- 
randum No. 4235-0., dated 24th August, 1907. 
Construct the roof over bath room and kitchen of 
plain Mangalore tiles on teak reepers. Elooring : 
Construct itm floors of dining, bed, store and bath 
rooms, kitchen, latrine and verandahs with 4" of 
concrete rendered with Portland cement thick. 
Spread 3" of gravel in the floor of open yard, water 
and ram well. Finishing : Cover the interior and ex- 
terior of walls with two coats of lime plaster except 
the inferior walls of latrine which will be rendered 
with I" Portland cement to a height of 3 feet. 
Doors, windows and exposed timber will be painted 
two coats of approved colour and the interior wood- 
work wood oiled, two coats. Construct two tiers of 
teak or other wooden shelves 3''0"X4'-0" with 
necessary fittings and shutters, one in kitchen and 
. the other in bed room. Fife the walls of sfeore room 
with a row of V thick Uuddapah slab shelves pro- 
jeofcing P-6'' from the wall supported by wooden 
brackets. Cost : The building shown upon the 
drawings is estimated to cost from Es, 2,100 -to 
Bs. 3,100 according to locality. 

' ‘ 14 '' 


Abstract Of Quantities For Sub-Assistant 
Surgeon’s Quarters r Plates 83 And 81. 


Quantity. 

Descripticn of work, 

2.721 c. ffe. ... 

Eicavaticn for foundations. 

€01 „ 

Pilling ia basement with earth. 

1,226 „ 

Concrete, broken brick in lime mortar. 

1,397 „ 

Country brick io lime mortar ffounda- 
t-ioKS and basement). 

1,412 „ ... 

Country brick iu clay (superstruclure). 

641 „ ...: 

Country brick in lime motiar (superstruc- 
tore). 

101 „ .H 

Archwsrk, brick in lime mortar. 

7 „ 

Cutstone work. 

S9’92 „ ...i 

Timber, wrought and put up. 

965 sq. ft. 

Roofing with Mangalore tiles imbedded 
in mortar over flat tiles including teak 
reepers, ccmpiete, 

341 „ ...j 

Roofing with plain Mangalore tiles 


iocluding teak reepers, complete, 

43 „ ...| 

Plain Mangalore tiled sunshades with 
necessary brackets and painting, com- \ 
pUte. 

201 c. ft. ... 

Levelling course of concrete, 4* thick. 

752 sq. ft. ... 

Rendering with Portland cement, 

237 „ ... 

Flooring with gravel, S' thick, well 
watered and rammed. 

153 „ ... 

Doors, panelled, including frames and 


iron fastenings, complete. 

15 „ ... 

Doors, braced and battened, including 
frames and iron fastenings, complete. 

48 „ ... 

Windows, venetianed with iron bars, 
including frames and iron fastenings, 
ccmpiete. 

16 

Windows, battened, including frames 
and iron fittings, complete. 

12 „ ... 

Windows, battened with iron bars, 
including frames and iron fastenings, 
complete. 

4,335 „ 

Plastering with lime mortar, two coats. 

m „ ... 

Plastering with cement, thick, 

944 „ 

Painting, two coats. 

j 948 „ ... 

Wood-oiling, two coats. 

i 24 ... 

Cup-board with necessary fittings, com- 
plete. 

9 „ 

Cuddapah slab shelves. 

Lump sum 

Finishing the chimney. 

n •*. 

Ovens. 

4 lbs. ... 

Wrought-iron work, 

Contingencies at 5 per cent. 

Petty supervision at 2| per cent. 

Total Rs... 


Quarters For A CiYiI Apothecary Or 
Assistant Surgeon: Plate 85. 

In the above plate is illustrated the type design 
No. 146 issued with proceedings of the Madras 
Sanitary Board No. 490-S, dated 6-8-1913. Tbo 
specification report which accompanied this design 
was as follows ; Foundations : A depth of 3 feet is 
provided, the lower 1 foot 6 inches being concrete of 
broken brick in lima mortar and the upper 1 foot 
6 inches, country brick in lime mortar, The actual 
depth and nature of foundations will be setUei 
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locally to suit) the soil Basement will ba country 
brick in lima mortar, 1 foot 6 inches high. Walling : 
Walls will be country brick in clay except (1) arch- 
work, (2) 1 foot on top of walls and round doors and 
windows, which will be built of country brick in 
lime mortar. Cutstone work : Base stones are pro- 
vided under verandah posts. Woodwork : The 
scantlings provided are suited to any one of the 
timbers mentioned in Circular No, 2040-0., dated 
27th April 1909, as applicable to Table I of Circular 
No. 234-0., dated 9oh January 1908. Boors and 
windows will be of teak as per description given 
below ; 


A : Doors, J panelled and f glazed. 
B : Doors, panelled ... 

C : Doors, panelled ... 

D: Windows, glazed ... 

E; Windows, venetianed 
F ; Windows, venefeianed 


3'-6"x7l6\ 

3'-6"X7'-6". 

2'-6"x6'-6^ 

3'-6"x4'.6". 

3l6"x4'.6". 

8'-0"x4'.0^ 


Boofiog throughout will be of Mangalore tiles 
imbedded in mortar over flat tiles. Sunshades will 
be of plain Mangalore tiles on teak rafters and 
bracketed frames as shown on the drawing. Floor- 
ing : With the exception of bath rooms, pantry, 
store and verandah, the flooring will consistof square 
tiles over 4 inches concrete, pointed with Portland 
cement. The floors of bath, pantry, store and 
verandah will be rendered with | inch Portland 
cement over 4 inches concrete. Pave the steps with 
stone slabs over 4 inch lime mortar, pointed with 
Portland cement. Finishing : The interior and exte- 
rior of walls throughout will be plastered with 2 
coats of lime mortar. Doors, windows and verandah 
posts and bressummers will be painted 3 coats of 
approved paint and all roof timbers, 2 coats of 
approved colour. Construct in the pantry 2 tiers 
of teak or other wooden shelves, 3 shelves in each 
tier, each shelf measuring li inch thick, 12 inches 
from front to back and 3 feet in width, the 
vertical distance between the shelves being about 14 
inches. Enclose one of the tiers of the shelves with 
ij inch square framed doors hung folding with 3 
inches iron butts and fitted with hasp and staple to 
receive a padlock. Fit the walls of store room with 
3 rows of 1 inch thick Cuddapab slab shelves built 
into the wall and projecting 1 foot 6 inches. Out- 
houses: The foundations for cook house will be 
3 feet deep, of which the bottom 1 foot is broken 
brick in lime mortar, the rest, country brick 
in lime mortar. The foundations for the latrine 
will be 2 feet 6 inches deep, of which the bottom 
1 foot 6 inches is broken brick in lime mortar, and 
the rest, country brick in lime mortar. The 
actual depth and nature of foundations will be 
settled locally to suit the soil. Basement will consist 
of country brick in lime mortar, 1 foot 6 inches 
and 6 inches high, respectively for the cook bouse 


and latrine. Walling : The walls of latrine will 
be of country brick in lime mortar and those of cook 
bouse country brick in clay, except 1 foot at top of 
walls and around doors and windows, arches and top 
of chimney, which will be of country brick in lime 
mortar. Woodwork : The scaotliugs provided are 
suited to any of the timbers mentioned in Circular 
No. 2040-0., dated 27th April 1909, as applicable to 
Table I of Circular No. 234-0., dated 9fch January 
1908. Doors and windows will be of teak. Hoofing 
will be of plain Mangalore tiles on teak reapers. 
Flooring will ba of square tiles over 4 inches con- 
crete pointed with Portland cement for cook house, 
and 4 inch Portia^" cement over 4 inches concrete 
for latrine. FiniLmg ; The internal and external 
walls throughout will be plastered with 2 coats of 
lime mortar except the internal walls of latrine 
which will be rendered with 4 inch Portland cement 
to a height of 3 feet. Doors, windows and all roof 
timbers will be painted two coats of approved paint. 
Cost : The building shown upon the drawing is esti- 
mated to cost from Es. 4,000 to Es. 6,000 according 
to locality. 


Abstract Of Quantities For Quarters For A 
Ciyil Apothecary Or Assistant Surgeon; 
Plate 85. 


Qaantity, 

Description of work. 

2,932 c. ft. ... 

Emvaticn for foundations. 

1,260 „ 

Filling in basement with earth, 

1,494 „ 

Concrete, broken brick in lime mortar. 

1,777 „ 

Country brick in lime mortar (founda- 
tions and bvsement). 

2,604 „ ... 

Country brick in clay (superstructure). 

179 „ ... 

Archwork, brick in lima mortar, 

947 „ ... 

Country brick in lime mortar (super- 


structure). 

2 „ ... 

Cutstone work. 

180-77 „ 
79E<i.ft. ... 

Timber, wrought and put up. 

Doors, ^ panelled and f glazed with 

frames and iron fastenings, complete, 

183 „ ... 

Doors, panelled including frames and 


iron fastenings, complete. 

16 „ ... 

Windows, glazed including frames and 


iron fastenings, complete. 

119 „ ... 

Windows, venetianed including frames 


and iron fastenings, complete. 

2,245 „ ... 

Roofing with Mangalore tiles imbedded 


in mortar over fi.it tiles including teak 
reepers, complete. 

97 „ ... 

Plain Mangalore tiled sun-shades with 


necessary brackets including painting, 
complete. 

718 „ ... 

Paving with square tiles over lime 


mortar and pointing with Portland 
cement. 

698 „ 

Rendering with Portland cement,^ 

73 „ ... 

Paving with stone slabs over I' lime 


mortar and pointing with Portland 
cement. 

i.m 

Levoliing course of concrete, 4" thick. 
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Quantity. 

Description of work, 

5,487 sq. ft. ... 

Plastering with lime mortar, two coats, i 

l,Ul „ ... 

Painting, three coats. 

2.112 „ ... 

Painting, two coats. | 

30 „ ... 

Cup-board with frames, panelled shutters | 
and painting, complete. ' 

6 IbB. ... 

Wrought-iron work. j 

37 sq. ft. ... 

Guddapah slab shelves supported onj 
wooden brackets. i 

47 » ... 

Zinc sheet for valleys. 

Contingencies at 5 per cent. j 

Patty supervision at pet cent. 

- Total Es... i 

411 c. ft. ... 

CoMpuse. 

Excavation for fc!5dations. j 

75 „ ... 

Pilling in basement with earth. 1 

139 „ ... 

Concrete, broken brick in lime mortar. : 

241 „ ... 

Country brick in lime mortar (founda- j 
tions and basement). ! 

326 „ ... 

Country brick in clay (superstructure), i 

173 „ ... 

Country brick in lime mortar (super* j 
structure), | 

21 „ ... 

1 Arohwork, brick in lime mortar. 1 

30 r, ft. ... 

' Brick cornice work inoluding plastering. 

3-720, ft. ... 

Timber, wrought and put up. 

18 sq. ft. ... 

Teak batten door with frames and fit- 
tings, complete. 

11 

Teak batten window with frame and 
fittings, complete. 

81 

Roofing with plain Mangalore tiles in- 
cluding teak reepers, complete. 

43 „ ... 

Flooring with square tiles over I"' sand 
and pointing with Portland cement, 

1,108 „ ... 

Plastering with lime mortar, two coats. 

103 „ ... 

Painting, two coats. 

18 „ ... 

Guddapah slabs set in mortar and pointed 
with Portland cement, 

9 „ ... 

Teak cup-boards with shutters, fittings 
and painting, complete. 

Lump sum. 

Pot oven sec in clay. 

Contingencies at 5 per cent. 

Petty supervision at per cent. 

Total Es... 


Bath Boom : Plate 88. 

In the above plate is illustrated the type design 
No. 125 issued with proceedings of the Madras 
Sanitary Board, No. 686-S., dated 10—12—1912. 
The specification report which accompanied this 
design was as follows : Foundations : A depth of 
3 feet is provided, the lower i' 6'' being concrete, 
broken brick in lima mortar and the upper 1' 6'^ 
being brick in lima mortar. The depth and width 
of foundations will be settled according to the 
nature of the soil. Pressure : The maximum pressure 
on the soil in foundations as drawn is 0’41 ton per 
square foot. Basement : Brick in lime mortar, 2 feet 
high. Walling : Walls and arch work of brick in 
lime mortar. Internal corners should be rounded. 
Cutstone work : Base stones under posts in passage 
and blocks for door frames. Woodwork : One of 
the timbers mentioned in Circular No. 3040-0., 
dated 27th April 1909, as applicable to Table I of 


Circular No. 234-C., of 9th January 1908 should be 
used. Doors and windows ; Teak as per list given 
below : 

A : Daor, battened ana braced ... 3'-0"xB'-6". 
B : Dcor, battened an. i braced ... 2'*6"x6'*6". 
C : Window, glazed ... S'-O’ x4'-0". 

Hoofing ; Plain Mangalore tiles on teak reepers 
over bath rooms aod fibre- cement slates on teak 
reepers over passage: Flooring: Guddapah slabs 
over 4 inches of concrete and pointing with 
Portland cement ; or alternatively i inch Portland 
cement over 4 inch concrete. Finishing : Interior 
of rooms will be plastered with Portland cement 
and the exterior with lima plaster. Doors and 
windows will be painted three coats of approved 
paint and the roof timbers, two coats. Cost : The 
building shown upon the drawing is estimated to 
cost from Es. 660 to Es. 990 according to locality. 


Abstract Of Quantities For A Bath Eoomj 
Plate 86 . 


Quantity. 

] 

Description of work. 

534 0. It. ... 

Excavation for foundations. 

172 „ 

Filling in basement with earth. 

272 

Concrete, broken brick in lime mortar. 

348 „ 

Brick in lime mortar (foundation and 
basement). 

479 „ ... 

Brick in lime mortar (soperstruoture). 

27 M - 

Archwork, brick in lime mortar, 

4 c.tt. 

Cutstone work, 

18*51 „ 

Timber, wrought and put up, 

72 sq.ft, ... 

Doors, battened and braced. 

24 „ ... 

Windows, glazed. 

323 „ 

Roofing with plain Mangalore tiles. 

13 „ 

Roofing with fibro-oement slates. 

116 „ 

Levelling course of concrete, 4* thick, 
Rendering with Portland cement, I'fchick. 

154 „ 

609 „ 

Plastering with cement. 

542 „ 

Plastering with lime mortar, two coats. 

185 „ 

Painting, three coats, 

259 „ 

Painting, two coats. 

20 r. ft. ... 

Drains. 

2 Nos. 

Buckets for receiving the sullage water, 
Contingencies at 6 per cent, 

Petty supervision at 2| per cent. 

Total Es... 

Constructing a covered passage to thej 
bath room. 

150 0. ft, ... 

Excavation for foundations. 

86 „ 

Filling in basement with earth. 

75 „ ... 

Concrete, broken brick in lime mortar. : 

90 „ ... 

Brick in lime mortar (foundation and, 
basement). 

1 « ... 

Cutstone work. 

11*51 „ 

Timber, wrought and pat up. 

120 sq.ft. ... 

Roofing with fibro-oement slates. _ 

68 „ ... 

Levelling course of concrete, 4* thick. 

80 ,1 

Rendering with Portland cement, 
thick. 

40 „ ... 

Plastering with lime mortar, two coats, 
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Quantity, 

Description of work. 

147 sq. ft. ... 

Painting, two coats. 

Contingencies at 5 per cent, 

Petty supervision at 2i per cent. 

Total for covered passage. 

Total for bath room. • 

Total for bath room including covered 
passage. 


1 Mortuary : Plate 87, 


Id tihe above plate is illustrated the type design 
No. 132 issued with proceedings of the Madras 
Sanitary Board, No. 686- S., dated 10-12*1912. The 
specification report which accompanied this design 
was as follows: foundations : A depth of 3 feet is 
provided, the lower 1' 6" being concrete broken brick 
in lime mortar and the upper 1' 6", brick in lime 
mortar. The depth and width of foundations will 
be settled according to the nature of the soil Base- 
ment; Brick in lime mortar, T 6" high. Pressure: 
Pressure on the soil is ‘47 ton per square foot. 
Walling : Walls and arohwork will be of brick in 
lime mortar. Internal corners should be rounded. 
Stonework : The sills of doors will be provided with 
cutstone, flush with the floor. Woodwork ; One of 
the timbers mentioned in Circular No. 2040-0., 
dated 27Gh April 1909, as applicable to Table I of 
Circular No. 234-0., dated 9th January 1908, should 
be used. Doors and windows : Teak wood as per list 
given below : 


A : Door, i panelled 
B: Door, panelled 
G : Window, glazed 
D: Window, glazed 
E : Window, glazed 
E: Gate 


and I venetianed 4'-6"x8'-6". 

... 4'-6"x8'-6". 
... 7'-0"x7'-0". 
... 4'-0''x7'0". 
... 5'-0"x7'-0". 
... 10'-0"x7'.0", 


The opening at the gable end of the mortuary will 
be protected by the expanded metal ventilator. The 
windows 0 in the post-mortem room must face 
north. Roofing: Will be covered with Mangalore 
tiles on flat tiles with air spaces, Elooring : The 
mortuary, post-mortem and inquest room will be 
paved with any suitable kind of patent stone on 4 
inches concrete. The open yard will be covered 
with 6 inches gravel, finishing: Internal walls will 
be painted with padpan or other suitable glossy 
white washable paint on a coat of i inch Portland 
cement. External walls will be plastered, two coats, 
of lime mortar and colour washed. Doors and 
windows will be painted, three coats, of approved 
ijploiir and the roof timbers, two coats. Cost : The 
building shown upon the drawing is estimated to 
host from Rs. 2,130 to Rs. 3,200 acoord.ing to 
locali ty. 


Abstract Of Quantities For A Mortuary: 
Plate 87. 


Qaantity. 

Description of work. 

1,459 0. ft. ... 

Escavatiou for foundations. 

317 „ ... 

Pilling in basement with earth, 

76-2 „ 

Ooncrate, broken brick in lime mortar. 

763 „ ... 

Brick in lime mortar (foundation am 
basement) 

1,465 „ 

Do. (superatruoturei 

70 „ ... 

Arehwork, brick in lime mortar. 

23 „ 

Cutstone work. 

0’09 ton. 

R steel joists. 

T^ ^r, wrought and put up, 

43-40 0. ft. ... 

153 sq.ft, ... 

^ panelled and | venetianed includ' 
ihg frames and fittings, complete. 

77 „ ... 

Doors, panelled including frames and iron 
fittings, complete. 

196 „ 

Windows, glazed, including frames and 
iron fittings, complete. 

747 ... 

Roofing with Mangalore tiles on flat 
tiles with air spaces. 

317 ... 

Levelling, course of concrete, 4* thick. 

378 „ ... 

Paving with Indian patent stone. 

463 „ ... 

Gravelling, 6" thick. 

1.746 

Plastering with Portland cement, 
thick, and painting with three coats 
of paripan. 

1,865 „ 

Plastering with two coats of lime mortar 
and colour washing. 

933 „ ... 

Painting, three coats. 

577 „ ... 

Do , two „ 

No. 2. 

Zinc buckets. 

4 r. ft. 

Iron pipe, 3* diameter. 

60 sq.ft. ... 

Wrought iron gate with fittings and 
painting, complete. 

68 „ ... 

Espanded metal ventilator with frames 
and fittings at gable ends. 
Contingencies at 5 per cent. 

Petty supervision at 2^ per cent. 

Total Rs... 


Yaccine Station; Plate 88. 

In the above plate is illustrated the type design 
No. 157 issued with proceedings of the Madras 
Sanitary Board, No. 539-S., dated 12-6-1914. The 
specification report which accompanied this design 
was as follows : foundations : A depth of 2' 3" is 
provided in the estimate, the lower 1' 6" being 
concrete of broken brick in lime mortar, the foot- 
ings being 9" deep of brick in lime mortar, The 
required depth and width will be settled locally 
according to the nature of the soil. Basement; 
Brick in lime mortar, 1' 6" high. Superstructure : 
All walls will be of brick in lime mortar according 
to the thickness shown upon the drawing. Wood- 
work: All woodwork will be of well seasoned country 
wood. Doors and windows : All doors and windows 
will be of best teakwood. Roofing : Roofing will be 
of Mangalore tiles bedded in lime mortar over flat 
tiles, flooring : The flooring of vaccination room 
and, waiting place will ba rendered witb Portland 
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oement, i" thick, over 4" levelling course of concrete. 
Iiniahiug : The interior and exterior of vaccination 
room and waising place will be plastered with lime 
mortar, two coats. All doors and windows and 
roof timbers will be painted with two coats of zinc 
white paint. Cost : 'The building shown upon the 
drawing is estimated to cost from Bs. 750 to 
Es. 1,125 according to locality. 


Doors and windows: Teak as per list given 
below : 


A : Door, 4 panelled and | glazed 
B: Door, batten 
G : Door, batten 
D: Window, glazed 
E: Window, glazed 
F : Window, glazed 


4'-6"x5' 0". 
2 ^ 0 ^' 4 ^ 0 " 


Abstract Of Quantities For A Vaccine 
Station; Plate 88. 


Quantity, 

D3S(^|||^^ of work. 

431 c. ft. ... 

Earthwork excavation for foundations. 

185 „ ... 

Pilling in basement with earth. 

290 „ ... 

Oonecete, broken brick in lime mortar. 

312 „ ... 

Country brick in lime mortar (found- 


ations and basement). 

620 „ ... 

Do. superstructure. 

13 

Archwork, brick in lime mortar. 

46*78 „ 

Timber, wrought and pat up (country 
wood). 

671 sq. ft. ... 

Roofing with Mangalore tiles over flit 
tiles including teak reepers, etc., 
complete. 

61 0. ft. .. 

Levelling course of concrete, 

219 sq.ft. ... 

Rendering with cement plaster, 

19 „ ... 

Paving with Cuddapah slabs over 
mortar and pointed with Portland 
cement. 

1,371 „ ... 

Plastering with lime mortar, two coats. 

25 „ ... 

Teak door, panelled with frames, hinges 
and other flttings, complete, 

46 „ ... 

Teak windows, batten outside and glazed 
inside with frames, hinges and other 
fittings, complete. 

816 „ ... 

1 

Painting, two coats, with zinc white 
paint. 

Contiogencies. 

1 Petty supervision, 

Total Es... 


Isolation Ward: Plates 89 And 90. 

In the above plates is illustrate! the type design 
No. 122 issued with proceedings of the Madras 
Sanitary Board, No. 6S6-S., dated 10-12*1912. 
The specification report which accompanied this 
design was as follows : Foundations : A depth of 
3 feet is provided, the lower 1 foot 6 inches being 
concrete of broken brick in lime mortar and the 
upper 1 foot 6 inches, brick in lime mortar, Base- 
ment : Brick in lime mortar, 2 feet high. Willing; 
Walls will be constructed with 22 B. W. G. 
corrugated iron sheets with all necessary horizontal 
and vertical frames secured properly at base with 
1" holding down bolts. Outstone work : Base atones 
of verandah posts. Woodwork; One of the 
timbers mentioned in Circular No. 2040-0 of 27fch 
April 1909, as applicable to Table I of Circular 
No. 234- 0, of 9iih January 1908, should be used. 


Eoofing will be of Mangalore tiles over flat 
tiles with air spaces on teak reepers. Flooring : 
Ward rooms, latrines, bath rooms, verandahs and 
passages will be paved with thin Cuddapah slabs 
on 4 inches concrete bed and pointed with Port- 
land cement or rendered with i'' Portland cement 
over 4 inches concrete. Finishing : The interior 
of all rooms and latrine will be painted with two 
coats of zinc white, and the exterior two coats of 
grey. All doors and windows will be painted with 
three coats of approved colour and thereof timbers 
with two coats of approved paint. The exterior of 
basement all round will be plastered with lime 
mortar, two coats. Cost ; The building shown on 
the drawings is estimated to cost from Es. 10,630 
to Es. 15,900 according to locality. 


Abstract Of Quantities For An Isolation 
Ward; Plates 89 And 90. 


Quantity. 

Description of work. 

i 

5.886 0. ft. ... 

Earthwork excavation for foundations. 

5,760 „ 

Pilliog in basement with earth. 

2,970 „ 

Concrete, broken brick in lime mortar, 

3,650 „ 

Brick in mortar in foundation and 
basement. 

11 „ ... 

Outstone work. 

523 lbs. ... 

Wrought*iron work. 

818-38 c. ft. ... 

Timber, wrought and put up. 

78 sq. ft. ... 

1* weather board including painting. 

860 „ ... 

Door shutter, 1 panelled and glazed. 

84 „ ... 

Doors, batten. 

424 „ ... 

Windows, glazed, 

392 „ ... 

Wire netting including frames, etc. 

6,914 „ ... 

Roofing with Mangalore tiles over flit 
tiles with air spaces. 

1.536 „ ... 

Levelling course of concrete. 

4,800 „ ... 

Paving with thin Cuddapah slabs over 
1' mortar and pointing with Portland 
cement. 

895 „ ... 

Plastering with mortar, two coats. 

1,518 „ ... 

Painting, three coats, doors, windows, etc. 

6,612 „ ... 

Painting, two coats, to roof timbers. 

4 No. ... 

Galvanised icon buckets, 

4 H ... 

Etno spout. , 

4,848 £q. ft, ... 

22 B. W. G. corrugated iron sheet wall 
i ing including necessary bolts, etc., 
ocmplote with painting, two coats, 
(interior white and exterior grey). 
Contingencies at 5 per cent. 

Petty supervision at 2^ pet cent, 

Total Rb.., 
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Epidemic Disease Shed : 

Plates 91 And 92. 

In the above plates is illustrated the type design 
No. 147 issued with proceedings of the Madras 
Sanitary Board, No. 599*S., dated 20-9*1913. The 
specification report which accompanied this 
design was as follows : Foundations : A depth of 
3‘0" has been provided for pillars and walls of 
latrine, of which the bottom F 6" will be concrete 
broken brick in lime mortar and the rest brick in 
lime mortar. The foundations of the retaining 
wall between pillars will be of brick in lime mortar 
1' 6^' deep. Basement will be of brick in lime 
mortar, 1' 6" high. Walling will be of bamboo 
tatties secured to wooden frames, fixed to pillars 
which will be of brick in lime mortar. Swing 
shutters of galvanized iron sheets in wooden frames 
are provided below the tatty screens. They should 
be secured when open by buttons fixed to the 
frames of the tatties. Cutstone work : Templates 
have been provided under the bearings of trusses. 
Woodwork : One of the timbers mentioned in Cir- 
cular No. 2040 0., dated 27th April 1909, as appli- 
cable to Table II of Circular No. 234 C., dated 9th 
January 1908, should be used. Roofing throughout 
will be of flat and pan tiles on teak reepers. 
Flooring throughout will consist of f" cement 
rendering over 4" concrete. Finishing : The 
bottom of the tatties will he tarred to a height of 
3^ 0" and the remaining portions whitewashed. 
The wooden frames of tatty walls above a height 
of 3^ 0" and all trusses and roof timbers will be 
painted with two coats of approved paint. The 
basement wall all round will be plastered with F 
Portland cement. The pillars will be plastered 
with two coats of lime mortar. Cost : The building 
shown on the drawings is estimated to cost from 
Rs. 4,500 to Bs. 6,750 according to locality. 
Note : Floor : Any patent stone on concrete. 
4' ^4'^!' *6" concrete bed under each pier. 


Wooden trusses are provided at the ends instead 
of iron, for convenience in fixing tatties or Lammit 
sheets in the gable ends. 

A : Door, bamboo mat with wooden 

frames ... ; , ... 6'*0"^6'*8". 

B : Door, bamboo mat with wooden 

frames . . ...' 2' *6"^ 6' *6". 

C : Door, b* •'.bo. mat with wooden 

frames ... ... 3'*6"X6'*6". 

Abstract Of Quantities For An Epidemic 
Disease Shed: Plates ^ ' 12. 

Quantity. /Tv Description of work. 


1.567 c. ft. 
1,433 „ 

715 „ 

1,196 „ 

654 „ 

21 „ 
360’ 16 „ 

3,242 lbs. 
2,555 sq. ft. 


1.230 „ 

1,401 „ 

292 „ 


181 » 

1,874 „ 

2,101 „ 
4,265 „ 

3,846 „ 

450 

1,409 „ 

270 r. ft. 

60 sq, ft. 


Excavation for foundations. 

Pilling in basement with earth. 

Concrete, broken brick in lime mortar. 

Brick in lime mortar (foundations and 
basement). 

Brick in lime mortar (superstructure). 

Cutstone work. 

Timber, wrought and put up. 

Wrougbt-iron work. 

Roofing with flat and pan tiles including 
teak reepers complete. 

Levelling course of concrete, 4* thick, 

Rendering v?ith Portland cement. 

Ventilators with swing flaps of galvanized 
iron sheets including frames and fit- 
tings, complete. 

Bamboo tatty doors including battens 
and fittings, complete. 

Bamboo tatty walls with necessary 
reepers including fixing, complete. 

Tarring, two coats. 

Whitewashing, 2 coats. 

Painting, 2 coats, of approved paint. 

Plastering with Portland cement, thick. 

Plastering with lime mortar, 2 coats. 

Oonorete drain including, cement plaster- 
ing* 

I Galvanized, sheet iron. 

I Contingencies at 5 per cent. 

Petty supervision at 2| per cent. 

Total Rs... 



BUILDEGS: MAH DETAILS OE COXSIECCIIOX OF MAEKETS AS 

A STUDY OF PLANS. 

fehe fiacr of 

with Ua:la>'oah mi markafe. The main entrance to the market should 

^ Id of 1 in ?2 f''om "he 'iontie wv.ard facing this main road and it has been found by 
In the |f die the passage will be'flbored with'P personal inspection that two additional small 
3 rendered with cp-^^h proceedings entrances at each end of the market enclosore, as 
similar slope tow^* 722-S., dated shown in the three typical site plans, plates 99, 100 

4^‘iS3aga wiPorS which accom- and 101, are required for the coDvenieDce of the 

paniedWjc,^ designs’ Typical site people who natronise the grain and condiment 

plans: Three typical si. 99,100 and bazaars. The first enclosure in the market, as 

101) have been drawn out an&^Jow three different shown in plate 99, is surrounded by grain and 
arrangements of the market stalls in accordance condiment bazaars and the centra! portion is occu- 
with the presumed limitations of different sites, pied by four or more blocks of vegetable stalls. The 
The first two plans, plates 99 and 100 are whole of this enclosure therefore does deal only with 
intended for a site bounded on all four sides by a vegetarian products, and in this way meets the 
road. The third plan, plate 101, is intended to show wishes of a large number of people. At the back of 

how a Email or subsidiary market eoDtaining only the first enclosure there will be an iron gate to 

grain, condiment and vegetable stalls can be arrang- provide a nominal cut off from the second enclosure 
ed» The third proposal is based on an actual ease which will contain the fish and mutton stalls. The 
which arose in connection with the construction of entrance for fish and mutton bazaars’ stall-holders 
a small market at Madura. Points to be observed into the second enclosure will be from the road at 


in connection with the selection of a site for a 
market of any small municipal town : Site : The 
site for a market should be located in the first 
instance with due regard to the convenience of 
the people. A number of markets have not been 
successful, because the site was either badly chosen 
or when the new market was constructed the old 
and insanitary market belonging to private owners 
was allowed to continue. The obvious policy for a 
Municipal Council to follow is first of all to acquire 
the private market or to close it under their powers 
before they open a new market constructed on 
sanitary lines. Then the site for the market should 
be if possible on a main road and if finances permit 
in acquiring the site the whole block surrounded 
by four roads should be acquired in the first 
instance even although the market as first built 
does not occupy the whole of this site. It is 
needless to add that the site should be as sanitary 
as possible. It should not be lowlying or if low- 
lying it should be capable of being raised and drain- 
ed, The site should therefore be so situated that 
watersupply and drainage arrangements can be 
added. Arrangements of the buildings : If a mar- 
ket is constructed with its principal side facing the 
main road, it will be found financially advantageous 
to construct the grain or condiment bazaars also 
facing this main road andnotfaciog the inside of 
the market. The reason for this is that these 
grain and condiment bazaars are not only limited 
in number but a comparatively high rent can be 
obtained for them thus adding to the income of the 


the back and there will be no occasion for these pro- 
ducts being carried through the first enclosure or ve- 
getable market before exposure in the fish and 
mutton stalls in the second enclosure. If it so 
happened that it was impossible to obtain the side 
or the back roads, then in such a case, plate 100 
shows the arrangement suggested. Although in 
this plan roads are shown on all four sides of 
the market enclosure yet all that would be 
required to provide a suitable market according 
to this plan would be to open conservancy lanes 
one at each end of the site and the market itself 
would face a main road and there would be no 
back road at all. In this arrangement the mutton 
and fish stalls are shown to one side of the 
vegetable market and are practically independent 
of it. The third plan, plate 101, shows the arrange- 
ment for providing grain and condiment stalls with 
a few vegetable stalls only and is really intended 
to illustrate a small subsidiary market. Market 
entrance : It is considered that the market entrance 
to a market of any importance should be emphasised 
by the construction of a suitable entrance to the 
market. Two alternative designs have been drawn 
up by the Consulting Architect to Government 
(Mr. Nicholls) and are shown in plates 102 and 
103. Plan, plate 103, shows the entrance provided 
with a clock tower and an office room on the 
first floor. Plan, plate 102, simply shows a market 
entrance with two rooms, one on each side of the 
entrance of the gateway. This plan will usually 
be adopted by municipalities, Plates 101 and 105 
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show dekils of the clock tower entranca illus- 
trated in plate 103. Grain and condiment bazaars : 
These designs are illustrated in plates 106, 107 
and 108. In' the condiment bazaar, the corner Of 
the market is illustrated in plate 109. The general 
idea of a grain and condiment bazaar consists of a 
room for storing grain or condiments provided with 
removable plank shutters and a ventilator protected 
by expanded metal of small mesh in the back wall. 
In the roof there is a small dormer ventilator also 
provided with expanded metal. The walls are con- 
structed of masonry and the floor is constructed of 
li" Ouddapah slabs with concrete underneath. The 
roof is constructed of Mangalore tiles with close 
fitting Mangalore ceiling tiles. The shutter of the 
door is the only portion of the building through 
which rats might readily gain access and in order to 
prevent this and to discourage the making of holes 
through the plank shutters, zinc sheets, 9" wide 
are screwed on to both top and bottom of the plank 
shutters. The ventilator in the roof is protected 
by expanded metal of smallest mesh so as to pre- 
vent the ingress of rats. In front of this store 
room there is a display platform and in front of 
this display platform there is a covered verandah 
for buyers. Vegetable bazaars: The vegetable 
bazaar type design is shown in plates 111 and 112 
and consists of a shed provided with Mangalore 
tiled roof supported on pillars and masonry gables 
with suitable arched openings. The arrangement 
of the vegetable stall consists of a platform 6'x6' 
for each stall* holder and a store room 8' 6" ^6' 
for storing fruit or vegetables overnight. This 
store room is made of expanded metal on a wooden 
frame so that it is very efficiently ventilated and the 
des’gn shown in plates 111 and 112 is of a new type 
as far as Madras Presidency is concerned. It was 
found on a joint inspection by the Surgeon-General 
Bannerman, Major Justice, the Sanitary Commis- 
sioner, and Mr. Hutton, the Sanitary Engineer, that 
the stall-holders insist on having rooms for storing 
vegetables at least for one night and it was accord- 
ingly decided to provide an expanded metal store 
room as now shown in this plan. It was also con- 
sidered that ail that was required for the stall-holder 
was a simple platform with polished Ouddapah slab 
as the local custom apparently insists on the vege- 
table and fruic being placed either on such a platforna 
or on the middle of the passage of the vegetable stall 
itself, During an inspection of an upcountry market 
in an important town it was found that the passage 
of the building was being used for the display of 
vegetables and fruit and the people had to use the 
road on the outside of the building instead of the 
passage which was intended for them. The result of 
this inspection is the design shown in plates 111 
and 112. The floor of the building is Ouddapah 
slab over concrete, These Ouddapah slabs are 



for the suspension of carcasses can be provided. 
The only difference'between the mutton and beef 
arrangements would be that the chains and hooks 
would be s'mallc in the case of mutton and the 
chains would also bo longer. The design of mut- 
ton and beef stalls consists of a passage 6 feet 
wide for buyers and platforms 6 feet square for 
the display of meat. On each platform there is 
a chopping block. In the actual plan this block 
is shown on the ^ighfe of the platform. But a 
perusal of the section will show that the block 
is a removable one and can be placed on any part 
of the platform which the stallholder may by 
local custom desire. The building is also provided 
with a ridge ventilator, the ridge ventilator being 
covered in with expanded metal to prevent crows 
entering the building. For the same reason the 
verandah of the building between masonry pillars 
which support the trusses is filled in with expanded 
metal, suitable openings being left as shown in the 
elevation. The building is also provided with two 
gables with arched openings. Fish stall : The fish 
stall, shown in plate 113. is somewhat similar in 
design to the mutton and beef stalls. It consists of'a 
6 feet passage for buyers and platforms measuring 
5' ^ 3^ for the display of fish. The top of these 
platforms consists of polished Ouddapah slabs and 
the platforms themselves only project 9'^ above the 
floor level. The seller is supposed to sit behind 
the platform. Between the two rows of stalls an 
expanded metal partition is provided so as to allow 
free perflation of air and the spaces between 
verandah pillars are filled in with expanded metal. 
Water supply and drainage arrangements : One of 
the most important requirements of a market i^ a 
suitable supply of water under pressure. This 
water is not only required for drinking purposes for 
those who are attending the market, but is also 
required for market purposes^ In addition, it is 
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necessary to provide each ski! with two hydrants 
and a suitable length of hose so that the stalls can 
. be flushed out daily. This particularly refers to 
the vegetable, mutton, beef and fish stalls. The 
water supply to a ^^e provided from 

the pipe main. absent one of 

'the type fioci* of t*- 

.pumps and wit’a bajd-nah Bial . . jdn!^r 
such a mar|^ of 1 ia 7 '2 f»’om ^be oentie w^.ard' h 
stall co^le the passage will ba' floored with ilSab 
sides^^a rendered with cejcia stall and the 
similar slope towiiied away into a 
Where no 

drainavt- . a small municipal 

town tflg. 1 p . f 

should be accommodate 48 dhob , 

sewer to « ,, „• where the sullage 

should be trea.- / rnnTva foK "Where neither 
It jj • .itaps, rooms ior\j . , 

method 18 possiL. < \circumstaDces, 

^ ”^a!oe system, a^. ’ 

a cesspool arrangemenu .^■■.,^v*^ ^^ proved 

by the Sanitary Board she -i, 

mt 1 , Will require 14 o a aItopi,. 

servancy: The complete ^ ^ 

from a health point of view is ,pcl when the con- 

servancy arrangements are si^|.p^^sfully carried out, 
These arrangements consist i hosing of vege- 
table and meat and fish stallj^gj, ^y and the flushing 
of all drains ; also in the d^0 weeping up of all 
garbage and rubbish and its from the site 

of the market. It is also nea^j|.ry to employ one 
or two or more sweepers who L ^ter the direction 
of the market overseer would remove certain rubbish 
when its immediate removal was desirable and 
could be accomplished without interfering with the 
convenience of those attending the market. For 
the convenience of those attending the market there 
should be suitable urinals and latrines suitably 
located. These conveniences should be on the 
water carriage system when the drainage system of 
the town so permits. When the latrines and 
urinals are on the ordinary system necessitating 
frequent cleansing such a requirement as the 
attention of the sweeper at least twice daily 
or oftener if necessary should be one of the 
principal duties of supervision required from the 
market overseer. Without such daily attention 
and also immediate replacement of damaged pans 
the dry system of conservancy can be nothing more 
than a nuisance. When it is however supervised 
on which its success obviously depends the system 
will be found to be fairly efficient and suitable for 
towns which cannot afford more expensive methods 
of conservancy. 


Abstract Of Quantities For Market Main 
Entrance: Plate 102, 


; Qaintity. 

Dcssriptisn of werk, 

j 

4,125 0 . ft-. ... 

Eirthwcrk es2aviticn. 

235 „ ... 

FiKitp io basement with clean sand. 

I,3S9 

CcDcrete. breken brick in iime mortar. 

1,723 „ 

Brickwerk in iime mortar wilh ordinary 
bricks. 

4,724 „ ... 

Table-moulded face bricks with ordinary 
bricks In lime mortar. 

53 „ 

Archwerk m table-mcaided brick, 

246 

Archwork in entstone. 

126 „ ... 

Cutstene work, 

3,353 sq.ft. ... 

Plastering with chunam, two coats. 

1,875 „ ... 

Pointing with Portland cement. 

503 „ ... 

Ficoring with Cuddapah slab on 4* 
concrete and pointed with cement to 
the full depth of slab. 

321 „ ... 

Ficoring with gravel, 6" thick. 

158-91 c. ft. ... 

Teakwood, wrought and put up. 

35 Ib. ... 

Wrooght-iren work. 

1,850 sq.ft. ... 

Roefieg with Mangalore tiles with fiat 
ceiling tiles, etc., ccmplete. 

; 72 „ 

i j 

Dcors, panelled with frames, iron fit- 
tings, hinges, etc., complete. 

96 „ ...| 

1 

Windows with batten shutters and iron 
bars, frames and fittings. 

Painting with Imperial zinc white, two 
coats. 

1.761 „ 

378 „ ... 

Painting with chocolate, two coats, 

No. 4. j 

Mangalore tiled sunshades with teak 

1 supports, etc., complete. 

No. 1, 

Ornamental iron gate with binges, bolts, 
rollers, etc., complete. 

No. 9. i 

Finials, eutstone, large. 

No. 4. 

Do. small. 

No. 2. 

Do. wooden, teak. 

64 r. ft. ... 

Barge board, teak. 

79 „ ... 

6 inch concrete drain with 9' X 4* cut 
stone coping and 1' X Cudda- 

pah slab pavement including 
cement plastering, etc,, complete. 

Petty supervision at 2^ per cent. 

Tools and plant at 5 per cent. 

Contingencies at 5 per cent. 


Total Ks... 


Abstract Of Quantities For Market Entrance 
Plates 108, lOi And 105. 


Quantity. 

Description of work. 

2,888 0 . ft ... 

Excavating foundation. 

1,812 „ 

Concrete, broken brick in lime mortar, 

669 „ ' ... 

Brickwork in lime mortar. 

638 „ 

Brick in lime mortar faced with table- 
moulded brick for basement. 

2,722 „ 

Brick in lime mortar faced with table- 
moulded brick in superatcuoture, 

23 „ 

Archwork, brick in lime mortar. 

146 „ .,.| 

Arohwork, eutstone. 

336 „ 

Cutstone work. 

69*75 „ 

Teakwood, wrought and put up, 

819 sq. ft ... 

Terrace flooring with brick on edge, 3* 
concrete, three courses of flat tiles and 


plastering the ceiling, etc. 
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Quantity. 

Description of work. 

316 sq.ft. ..• 

Flooring with Cuddapah slab, ll" thick, 

1 over 10" sand bedding and pointing 
with Portland cement. 

2.4o3 j, •• 

Pointing with prepared mortar (exterior). 

1,674 „ 

Plastering with chunam. two coats (in- 
terior). 

64 „ 

Teak panelled doors with frames, bolts, 
hinges, eto. 

88 „ 

Teak panelled windows with frames, 
bolts, hinges, etc. 

6 „ 

Teak ventilators, glazed with frames, eto. 

26 „ 

Paving with 1^" Cuddapah slab over 
lime mortar and pointed with Port- 
land cement. 

763 „ 

Wood-oiling, two coats. 

92 „ 

Painting, zinc white, two coats, 

1317 cwt. -... 

Rolled steel girders, 

INo. 

Iron gate, ornamental. 

L.8. 

Gravelling the entrance. 

L.S. 

Hoisting the girder, 

2,402 0. ft ... 

Brick in lime faced with stock table- 
moulded brick in superstructure. 

19 „ 

Arobwork, brick in lime faced with stock 
table^moulded brick. 

SOO „ 

Outstone work. 

149 

Teakwood, wrought and put up. 

288 lbs. 

Wrought-iron work. 

1,417 sq.ft. ... 

Roofing with Mangalore tiles and flat 
tiles over teak reepers. 

129 „ 

Terracing with brick on edge, 3* concrete, 
three courses of flat tiles, top and ceil- 
ing plastered. 

2,901 „ 

Plastering with chunam, two coats. 

1,6)5 „ 

Pointing outside with prepared mortar. 

95 r. ft. ... 

Cornice work. 

96 sq.ft. ... 

Teak panelled doors, with frames, bolts, 

hinges, etc., complete. 

38 „ ... 

Teak panelled -windows with frames, 
bolts, binges, etc., complete. 

44 „ 

Ventilators, glazed with frames, eto, 

2,014 „ 

Wood-oiling, two coats. 

128 „ 

Painting with zinc white, two coats. 

3*93 cwt. 

Rolled steel girders. 

56 r. ft. ... 

Drain, lead sheeting with woodwork 
with galvanized strengthening bar. 

104 „ 

Rain water zinc pipes, 4" diameter, 
including hooks and fixing, eto. 

Staircase with Stringer’s landing, hand 
rail including varnishing, eto. 

L.S. 

L,S. 

Hoisting the girder. 

Petty supervision, 2^ per cent. 

Tools and plant, 5 per cent. 

Contingencies, 5 per cent. 

Total Rs... 


Abstract Of Quantities For Grain And 
Condiment Bazaar (FiYe Stalls) : Plate 106, 


Quantity. 

Description of work. 

2.404 0. ft. 

2,826 „ 

Earthwork, excavation foundations, 
Concrete, broken brick in chunam. 


Quantity. 


Description of work. 


I Brickwork in chunam 1st and 2nd sort 


20 „ 

5,425jiJii^ 

j Door, b’ 
’ frames 
163 „ 


rSo^afe with wooS^sT^'o coats. 

, . ...‘\ah slab on 4" 

i.bo. mat with wooden with cement. 

gws over flat 

••■Quantities For in Epil^m™. 
jd; Plates o* * ’ 


„ . ...ns'det 

DMOtlf'u.t ,u. 


lo. ft, “• there ^ 

” *" between the st ^P- 

No^2 * **’ obtainp' 

170 r.’ ft, §' % fc'be building. _7all round the 
kroD rod on which 

23 sq^Jt^^^giQH of with expanded 

^oly difference^bet jj , 

«rron0ement8 would b^a plant at 6 per cent. 

a He .' iegencies at 6 per cent. 


Abstract Of ^®®'jMtities For Grain And 
Condiment Baza’ j5f Four Stalls : Plate 107. 


Quantity. 

:sec!' 

Description of work, 

1,811 Q. ft. ... 

Earthwork excavation. 

1,725 „ 

Concrete iu vitrified brick in chunam. 

2,274 „ 

Brick, 1st and 2nd sort, mixed or 
uncoursed rubble stone in chunam. 

726 sq. ft. ... 

Flooring with 1|" Cuddapah slab and 
pointed with cement to the full depth 
of slab. 

1*12 0. ft. ... 

Outstone work. 

3,068 sq, ft. ... 

Plastering with chunam, two ooats. 

112 c. ft. ... 

Teakwood, wrought and put up. 

1,271 sq. ft, ... 

Roofing with Mangalore tiles on flat 
tiles including teak reepers and im- 
bedded in mortar. 

130 „ 

Teakwood doors with frames, shutter 
planks including zinc sheet covering 
at top and bottom of planks, eto., 
complete, 

18 „ 

Teakwood expanded metal ventilator 
with frames, etc- 

1,597 „ 

Painting chocolate, 2 coats- 

No. 2 ... 

Iron finials, 

» 4 

Ventilating tiles. 

1,385 c. ft. ... 

Filling in basement with sand. 

136 r. ft. 

6" concrete drain, 9"X4" outstone coping 
with Cuddapah slab pave- 

ment including 1 " cement plastering, 
etc., complete, 

Petty supervision at 2^ per cent, 

Tools and plant at 6 per cent. 

Contingencies at 6 pen cent. 

Total Rs,..- 
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Abstract Of Qaantitles For Graia And 
Condiment Bazaar: Plate 108. 


Quantity. j llj^eriptioa cf work. 

^€^ani leTelNv; ^^ 

l,7i0c. ft. the iioci’ ol 

1,636 „ id with Uaaa'*nah Bial . )on^>, 

2 241 ea" f ^ ' 

’ ^iila the passage will ba'flaored with ■■ 

^ rendered with cejddapah slab on 4' ■ 
?a| wiEti-a similar slope towjinted with cement to ■ 

l, 23 ^®&o¥es in ‘iks over flat. 

‘^lon report aecomplfyii^k reepers, 

ISO /s: 1. This is a complies, shutters with 

^.accommodate 48 

' well, Dumping arp " : 

18 „ .i.j taps, moms foi\frames and fixed I 


No. 4 

108'4S 0. ft. 

1 II 

1,424 eq. ft. 
1S8 r. ft. 
No. 2 


,i Teak timber,'’' P5f 3^ 


.JOutstone work will require (43 xQ) 
.. Painting woodPh day 
.. 6* semi, oval o^gjj.Q ms. 

.. Finials. \ , 

Petty supervisiip^^^^S^ per cent. 

Tools and plan; ' me per cent. 
Contingencies, imer, rcent. 

j Total Rs... 


Abstract Of Quantities Foi- ^^irket Front 
Corner: Plate 109. 


Quantity, 

Description of work. 

705 0, ft. ... 

Earthwork, excavation. 

861 „ 

Pilling in basement with clean sand. 

867 „ 

Concrete, broken brick in lime mortar. 

219 „ 

Brickwork in lime mortar. 

1,025 „ 

Brickwork, table-moulded, in lime 
mortar. 

164 „ 

Cutstone work. 

560 sq. ft. ... 

Plastering with chunam, two coats. 

66.3 „ 

Pointing in cement. 

151 „ 

Flooring with Cuddapah slab on i" 

concrete pointed with cement to the 
full depth of the slab. 

21 „ 

Cuddapah slab, 1^" thick and pointed with 
cement, 

22 r. ft, ... 

Brick cornice. 

2S1 Eq. ft. ... 

Eoefiog with Mangalore tiles with flat 
tile ceiling including teak reepers. 

23*58 0. ft. ... 

Tfakwood, wrought and put up. 

33 sq. ft. ... 

Door with teak frames, planks, bolts, 
etc., complete. 

28 „ 

Windows with teak frames, iron bars, 
Venetian shutters, hinges, bolts, eto., 
complete. 

3 „ 

Louver ventilator. 

480 „ 

Painting, two coats, of chocolate paint. 

11 r. ft. ... 

Brick cornice work, 

No. 2 

Cutstone pinnacles including base stones 


over gables, 


Quantity, 

Dci-^ripticn of work. i 

No. 1 

Cotstcnc pinn^tls including biEC stone ! 

No. 2 

ever pi’i’.ar, ^ ^ ; 

... Teakweri sun shades with painting, etc., f 

! 25 r. ft. 

complete. ! 

... &• ccncrete drain with 1’ Cud-' 

dapah slab pavement cut* ; 

stone coping inolu'iicg ^"cement plas- 1 
tering, etc., complete. ! 

, Tools and plant, 5 per cent. | 


Petty saperviticn, ‘2| per cent. i 


Abstract Of Quantities For Mutton And Beef 
Stalls: Plate llO. 


f 

i Quantity. 

! 

Description of work. | 

i 

: i,75S c. ft. ... 

1 

Earthwork, excavating foundations, 1 

! 1,306 „ 

Concrete, broken brick in chunam. 

i 1,453 „ 

Brickwork io chunam. 

! 1,907 Eq. ft. ... 

Plasterirg with chunam. 

; 542 „ 

Plastering with cement, thick, 

> 61 c. ft. ... 

Archwork, brick in chunam. 

1,635 sq. ft. ... 

Flooring with Cuddapah slab, IJ* thick, 
on 4* cf concrete. 

10 c. ft. ... 

Cutstone work. 

2.675 Eq. ft. ... 

Roofing with hlangalcre tiles over flat 
tiks including teak reepers. 

1,378 „ 

iSxpanced metal partitions including 
j teak frames, etc,, complete. 

•274*37 c. ft. ... 

'Teakwoed, wrought and put up. 

No. 2 

iPinials. 

196 r. ft. ... 

j 6" semi-oval drain, complete. 

3,284 sq. ft. ... 

1 Painting woodwork. 

346 lb. 

Ironwork. 

Ironwork for fixing trusses, eto. 

No. 14 

Removable chopping blocks, 

460 c. ft. ... j 

Sand filling. 

84 c. ft, ...; 

i 

Cornice. 

Petty supervision at per cent. 

Tools and plant at 5 per cent. 
Contingencies at 5 per cent, 


Total Rs... 


Abstract Of Quantities For Yegetable 
Bazaars Of Seyen Pairs Of Stalls : 
Plates 111 And 112. 


Quantity. 

Description of work. 

3,292 c. ft, ... 
2,322 „ 

3,289 „ 

2,083 sq. ft. ... 
443 „ 

Earthwork, excavation, 

Concrete in vitrified brick in chunam 
mortar. 

Brick in chunam mortar or unooursed 
; rubble stone in chunam mortar, 

1 Plastering with ohunam, two coats. 
Plastering with cement, J** thick, 1 ; 2. 
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Qaintity. Dj:s:r:pticn cf wcrk. 


■ £04 sq.ft, ... FiCoriEg witli 1*" prlished Cuddapah' 

: ; slab and pointed with cement to the ■ 

I lull depth cl slab. ; 

; 1,923 „ ... Piccrirg with unpolished Cuddapah i 

: slab and pointed with cement to the ■ 

! full depth of slab. < 


9c. ft. 

... Cutstcae wtik. 

100 r. ft. 

... Cornice work, 

374 0. ft. 

Teakwood, wrought and put up. 

2,899 £q. ft. 

... Painted expanded metal i'mesh and 
^.V’xiSG with teakwoed frames in- 
cluding fxlng, etc., complete. 

210 „ 

... Painted expanded metal door inclading 
frames, hinges, etc., complete. 

3JS6 „ 

...;! Reefing wilh Mangalore tiles on flat; 
tiles including teakreeperg, chunamj 
berders, etc. i 

9,050 „ 

...; Painting chocolate, two coats. 

S24 lb. 

Wrought-iron work, - 

No. 2. 

Iron finials. ■ 

1,827 c. ft. 

... Filling in basement with clean sand. I 

140 r, ft. 

...j 6* concrete drain with 9"X4* cutstonei 
i coping and 1'— C*X Cuddapah slab i 
^ pavement including J* cement plaster- 1 
ing, etc., complete. 

Petty supervision at per cent. 1 

Tools ana plant at 5 pee cent. • 

Contingencies at 5 per cent, ; 

Total Rs... j 

i 


Abstract Of Quantities For Fish Stalls : 
Plate 113. 


Quantity. 

Description of work, ! 

i 

1,232 c. ft. .. 

j 1 

Earthwork, excavating foundations. j 

825 „ 

Concrete, broken brick in lime mortar, | 

1,069 „ 

! Brickwork in chunam. 

61 „ 

i Archwork, 

1,726 sq. ft, ... 

: Plastering with ohonam. : 

121 „ ... 

Plastering with cement, i** thick. i 

1,201 

Flooring with Cuddapab slab, Ij* thick,! 
on 4* of concrete. 

210 „ 

Polished J J" Cuddapab slab, 

11 c. ft. ... 

Cutatone work. 

2,894 sq.ft. ... 

i Roofing with Mangalore tiles over flat 
i tiles including teak reepers. 

1,221 „ 

Expanded metal partitions including 
teak frames, etc., complete. 

227-46 ... 

Teakwood, wrought and put up, 

No. 2 

Finials. 

190r.fi ... 

, 6* semi-oval drain, 

2,808 sq. ft. ... 

Painting woodwork. 

Ironwork for fixing trusses. 

1 

1 

1 

Petty supervision, 2| pet cent, 

Tools and plant, 5 per cent, 

Contingencies, 5 per cent. 

Total Bs... 


lufassal Markets: Plates 114 To 119. 

In the ak?0 plates is illustrated type design 
Ho* issurf witb proce^icgs of the Madras 


Sanitary Board, No. 514- S., dated 13-7*1897. No 
specification report accompanied this design. Tbs 
generai disposition of the different stalls comprising 
the market is shewn in plate 114. The detailed 
plans of the Mark^l|l^l|||EIuttoD stalls, Beef 

^ stalls, 

^Hetc., are given 

‘ * ... .%!ih 0tt 

uiat with woode^ithA 



yoor, 

jframes 


Stalls : 




lj|(«roonsion of 

Tv difference be^perv'e. 


Descrlne dejl.-^^rlr ___ 
__ chat there 
between the 
...i C8 has been obtain-' 
the building.. /a^’ 
rod on which . i'lng. 

Ji, wrought and put up, 


.1,349 8q, IS. 


•lid feid pK with Mangalore tiles. I 

[ jigencp^pcrv'sion, 2J per cent. j 

I T .nd plant, 6 per cent 
, cl gencies, 5 per cent, ! 

i I — ' Total Es...j 


Abstract Of 'Htities For Beef Stalls : 
^late 118. 


1 Quantity, 

Description of work, 

596 0. ft. 

Earthwork, excavation. 

139 

Do., filling in, 

: 415 „ 

Concrete in chunam. 

j 1,035 

Brick in chunam. 

66 „ 

Arohwork. 

i 1,605 sq.ft. ... 

Cement plastering. 

i 466 „ 

Flooring with Cuddapab slabs. 

! 39 0. ft. ...! 

Woodwork, wrought and put up. 

1S5 sq. ft. 

Wire netting in frames. 

186 1. ft. ...| 

i 

Railpoats and bressummers including 
bolts, etc , complete. 

1,100 sq.ft. 

Roofing with Mangalore tiles. 

Petty supervision, per cent. 

Tools and plant, 6 per cent, 
Contingencies, 5 per cent. 

Total Rs... 


Abstract Of Qaantities For Fish Stalls : 
Plate 117. 


Quantity. 

Description of work. 

1,122 0. ft. 

718 „ 

646 „ 

1,820 sq.ft, ... 

- 

Earthwork, excavation. 

Do. filling in. 

Concrete in chunam. 
i Brick in chunam. 
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— ^ — - . Abstract Of Quantities For Platform For 

Qaactiiy. Descriptica cf wcrk. pHel, Gmss Etc ; Plate 119. 


: 830 sq. fi:. 
1,609 „ 

117 c. ft. 
1,160 pq. ft. 

L. B. 


... FIocriBg Cad daaah slata. 

*10 "ihic 


^tbe oi' 

. 'fl wltb iiv. . lorT 

I |ifbf 1 in 7'2 ?''Gm *-;ie '^OGlie L^,,dr:b 

: ilc the pa=‘n.qe w'll be ibored Tritb 

j j renderel wiili l'“ 

similar sloi:3 to?: Total Rs... 

* 


,, ^lon repor- 

i, Till; 


t aec5mp^:-yii „ 

is is a 

’fr. accommodate 48 tlhchf^® ^^8. 
well, 


piiropmi:; arri 
Quantity. ''Y taps, moms fcfvof wcrk. 
_Llr.ice sy stein. 'S. 


a ..on f.. '-0 water per da^ 

2,489 0 . ft, ...: Earthwork, ei 
2,672 „ ...i Do., fii wiiijequtr^ ; 4 S > 

1,665 „ ...; Concrete in chu h cay. 

16,519 „ ...i Brick in ebunan site 

367 eq. ft, ... Cement plaster!i't,j|.j,j.gement only, 
1,911 „ ...j Chunam plaster;? 

171 0 . ft. ...; Woodwork, wra' ^^^ndputup. 
i 2,700 sq. ft, ... Roofing with i’Tner. ire tiles, 

i 504 „ ... Doors, ^16 f 

I 48 „ ... Ventilators, ^allt 

I I Petty BupervisioTi' ..j per cent, 

i ! Tools and plant, cent. 

I Contingencies, 5 pet^’lent. 


Total Rs... . 


Abstract Of Quantities For Yegetable Stalls: 
Plate 119. 


Quantity, 


Di'icripti^n cf wcrk. 


209 c. ft. 
552 
155 „ 

70 ft. 
1000 


Earthwork. 

Concrefe in chunam. 

Brick in chuoam. 

Cement Fbsferinq. 

Caddapab slac f.ccr'ng. 

Petty sapervisica, per cent. 

Tods .and plant, 5 per cent. 
Contirgeneics, 5 per cent. 

Total Ra... ' 


Weekly Market Sheds For Mufassal 
Stations: Plates 120 To 124. 

In the above plates are illustrated the type 
designs Xos. 70, 7i and 7*2 issued with proceedings 
of the Madras Sanitary Board, No. 579-S., dated 
6*10-1898. The shed shewn in plate 120 mea- 
sures 58 feet x 20 feet, outside dimeosions. The 
estimated cost varies from Es. 710 to Es. 1,015, or 
Es. 1,020 toRs. 1,530, according to the locality and 
the materials used. The shed shewn in plates 121 
and 122 measures 47 feet 1 1 inches x 17 feet 3 inches, 
outside dimensions. The estimated cost varies 
from Rs. 690 to Rs. 1,035 ; or Es. 940 to 1,410, ac- 
cording to the locality and the materials used. The 
shed shewn in plates 123 and 124 measures 47 feet 
1^ inches x 17 feet 3 inches, outside dimensions. 
The estimated cost varies from Rs. 880 to Rs. 1,320 
according to locality. No specification report ac- 
companied the above type designs. 


Quantity. 

Description of wcrk, ‘ 

1047 c. ft. 

Earthwork, exoavation. 

1468 „ 

Earthwork, filling in. 

907 „ 

Concrete in chunam. 

nis „ 

Brick in chunam. 

28 „ 

Arch work. 

jl865 Eq.lt. ... 

Oafidapah slab fiooting. 

842 „ 

Cement plastering. 

105 „ 

' Wire-netting in frames. 

68 c. ft. 

: Woodwork, wrought and put up. 

864 sq ft. 

Roofing with Mangalore tiles. 

372 1. ft. 

Iron rails including bolts etc., complete. 

1 Petty supervision, 2^ per cent. 

* Tools and plant, 5 per cent. 

; Contingencies, S per cent. 

1 Total Rs... 


Abstract Of Quantities For A Weekly Market 
Shed For Mufassal Stations : Plate 120. 


Quantity. 

Description of work. i 


i 

Larger Shed. ' 

599 0. ft. 

Earthwoik. ! 

451 „ 

Pilling in basement. 

799 „ 

Masenry, brick in chunam. 

423 eq. ft. ... 

Plastering with cement, |*. 

8 c. ft. 

Gutstone. 

S 154 „ 

Woodwork, wrought and put up, i 

1 1,769 sq.ft. ... 

Roofing with Mangalore tiles and teak 

i 

reepera. 

12,091 „ 

t ' 

i 

Wood-oiling. 

Contingencies, 

Total Rs... 

Aiternative desigo with cheap 
materials : Brick in mud, chunam 
plastering and junglewood. 

699 0. ft. 

Earthwork. 

451 „ 

Filling in basemenl. 
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Quantity, 

Description of work. 

799 0. fE. 

423 sq. ft, 

3 0. ft. 

154 „ 

1.769 sq. ft. ... 

i 

Masonry, brick in mud. 

Plastering with ohunam, 

Cutstone* 

Woodwork, iunglewood. 

Roofing with Mangalore tiles and teak 
reepers. 

Contingencies. 

Tot a* Rs... 


Abstract Of Qnantities For k Weekly Market 
Shed For Mufassal Stations: 

Plates 121 And 122. 


Quantity. 

Description of work. 


(a) For rail posts and corrugated 
roofing. 

284 0. ft. 

Excavation. 

385 „ 

Filling in basement. 

472 „ 

Masonry, brick in cbunam. 

873 sq, ft. ... 

Plastering with cement. 

140 r. ft. 

8.1. rails. 

609 lb. 

Angle iron. 

626 

Tie rods, bolts, &a. 

48 0. ft. 

Woodwork, wrought and put up, 

5'29 sq. ft. ... 

Wood-oiling (two coats), 

12'75 „ ... 

Corrugated iron roofing. 

Contingencies, 5 per cent. 

Total Rs... 

(5) Teakwood posts and Mangalore 
roofing. 

467 0. ft. 

Excavation. 

266 „ 

Pilling in basement. 

623 „ 

Masonry, brick in cbunam. 

3*93 sq. ft. ... 

Plastering with cement, 

ISi'O c. ft. ... 

Woodwork, wrought and put up. 

19‘26 sq. ft. ... 

Wood-oiling (two coats). 

264 lb. 

Tie rods, &o,, for truss. 

12*12 sq.ft. ... 

Roofing with Mangalore tiles including 
reepers, &o. 

Contingencies. 

Total Es... 


Abstract Of Quantities For A Weekly Market 
Shed For Mufassal Stations; 

Plates 123 And 124. 


Quantity. 

Description of work, 

284 0. ft. 

385 „ 

471 „ 

873 sq. ft. ... 
140 r. ft. 

6061b. 

Excavation for foundation. 

Pilling in basement. 

Masonry, brick in cbunam. 

Plastering with cement. 

S.I. rails for posts. 

Iron -work for tie-rods, &o. 


Quantity. 

Description of work. 

114 0. ft. 

1,212 sq. ft. ... 

pKor, b' ■».bo.. 
_{rames 

Teakwo^, wrought and put up. 

tiles including 

mat with wood^i^^ ’ Total Rs... 
... . . .'le^ 


'Quantities For An 
Weekly Ma,(j. pistes 


In the above C ^udsigns of 

Weekly markets^;^' ' Describe ’det:f.^nrk Nowroji, 

now Sanitary p -'•obat there ' ament- of 

Madras, for cert^^o between the s' Residency of 
Madras. His |s has been obtain^ .ecompanying 
these designs ^the building, ./rhe design for a 
weeklymaijK rod on whie}; vegetable, grain and 
conRill^^n of mutton and beef stalls and 
difference” be/per'^^^^ls and principles of con- 
struction. HbJild Ind Jloundation : The foundations 
provided are th required for hard soil* 

They should be a' red to suit the nature of the 
soil at site. Mast .t — The structures are designed 
for brick masonriA .any local building material 
may be employeaiitif io such case the thickness of 
walls should baWf ered to suit. Flooving : The 
stalls should inv^jbly be floored with an imper- 
vious material, hoofing timber: Any one of the 
timbers mentioned in Circular No. 2040-0., dated 
29-4-09 as applicable to Table I of Chief Engineer’s 
Circnlar No. 234-0., dated, 9-1-08, may be used. 
Finishing: The exterior and interior of the stalls 
should be finished off with i" cement plaster. 
Vegetable stalls, (vide plate 125) : The stalls 
will measure 8l'-0"x lO'-O"' and will accommo- 
date 8 vendors. The rear and the two ends are 
closed by masonry pillars and walls with an arched 
opening 4' wide and 6' high in the end walls. The 
stalls will be roofed with either Mangalore tiles, 
country tiles or corrugated iron on teak reepers 
and teak rafters as detailed in the section. The roof 
will be supported on masonry wall and teak posts 
on cutstone bases well imbedded in the masonry. 
The floor of the stall will be 1 foot above ground 
level, and consists of 4" concrete plastered over 
with cement. The cost of the design at Madras rates 
for the 3 kinds of roofing shown on the design is as 
follows : Country tiled roof, Rs. 1,570. Managlore 
tiled roof, Es. 1,400. Corrugated iron roof, 
Bs. 1,300. (Note : 20 B.W.G, Corrugated iron 
sheets should be used for roofing. This design may 
also be adopted for grain and condiment, etc., with 
the exception of meat, beef and fish). Meat or beef 
stalls, (vide plate 126) : This design is considered 
sufficient for a weekly market. The building will 
accommodate 16 vendors and consists of an 
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open shed measuring 65^-10i"Xl5' sub-divided 
infeo 16 raised platforms 5'xo'x6" high, for the 
display of meat or beef and a passage 4' wide 
for the buyers. The two ends are closed with a 
masonry wall 8^ high. The floor of the shed 
will be 2 feet above ground level The platforms 
will be 6^' above the floor of ^ihcd. These 


will be provided with IjuddMoah sial ’.oooriiig 
with a gradient of 1 in ?2 ?'’om "-he centio buv.ards 
the sides, while the passage will' be ’floored with 4" 
lime concrete rendered with i" .cement at ground 
level with a similar slope towards the drain. 
The will be roofed with 

Mangaloi^jQQ report acfei^^yiFj^'® rafters. 
The roof 1. This is a compleF^^f^y piUars 
on the accommodate 48 dhobif'' 

An iron rod < and 1 or beef) 

''l! u“^ ‘ap3, rooms for^^d “ 

which the ehams . , ^Sl, T 

casaes will be proyidea a- ^4^be 

held m position by an iron wju ,eqnire (48 x 2^ 
collar piece to prevent sagging ^ ua a 

chopping block in each stall w g^j.^ a removable 
one and can be placed where’v^^p^ -le vendors may 
require. The cost of this design .Vladras rates is 
Es. 3,480. Fish stall, (vide pla^^^. J ; This design is 
the same as the meat and beef fgwith a platform 
5' X 3' raised 9" above the floo.p^llgihe shed for the 
display of fish. The tops of tbei^m’atforms will be 
provided with polished Cuddapau^^ abs. The cost 
of the design at Madras rates is Es. 3,480. Water 
supply : Arrangements should be made for water 
supply to the market and this can be achieved by 
the construction of one or two type design wells 
or by improving the existing arrangements, if any, 
to conform to the latest sanitary principles, as this 
and the drains are the essential requirements for 
a market. Drainage : Open drains should be 
constructed all round the stalls and the discharge of 
the market washings should bo taken to the near- 
est existing drain or to a cesspool constructed 
according to the latest design approved by the 
Sanitary Board. 


Abstract Of Quantities For Weekly Markets : 
Plate 125. 


Quantity. 

Description of work. 


Vegetable stall with country tiled 


roofing. 

d67 0. ft. ...i 

Earthwork, excavating foundation. 

311 „ 

Concrete, broken brick in ohunam. 

783 „ 

Table-moulded brick in ohunam. 

14 „ 

Semi-oitcular arohwork, table-moulded 


brickwork in ohunam. 

1509 sq. ft. ... 

Plastering with ohunam, 2 coats. 


Quantity. 

; Description of work. 

' 

1509 gq. ft. 

Whitewashing, 2 coats. 

611 „ 

Flooring with, i" thick, concrete and 
plastered over with cement, J-* thick. 

83 „ 

Fhstering with cement, J" thick. 

2 c. ft. 

Cutstone, 2 line dressed. ! 

119-61 „ 

Teakwood, wrought and put up. i 

1344 £q ft. 

Boofing with country - tiles including > 
teak reepers, chunam borders etc., 
complete. 

395 c. ft. 

Filling in basement with earth, 
Contingencies at 5 per cent. 

Supervision at 2| per cent. 

Total Bs... 

Vegetable stalls with Mangalore 
tiled roofing. 

467 0. ft. 

Earthwork, excavation. 

3U „ 

Concrete, broken brick in lime mortar. 

183 „ 

Table-moulded brick in chunam. 

14 „ 

Semi-circular atchwork, table-moulded 
brick in chunam. 

1509 sq. ft. 

Plastering with cement, thick, 

1609 „ 

Whitewashing, two coats. 

611 „ 

Flooring with, 4" thick, concrete and 
plastered over with cement J' thick. 

83 „ 

Plastering with cement, thick, 

2 c. ft. 

Cutstone, 2 line dressed. 

97-25 „ 

Teakwood, wrought and put up. 

1*^44 sq. ft. 

Boofing with Mangalore tiles on teak 
reepers including ridge tiles etc., 
complete. 

395 c, ft. 

Filling in basement with earth. 
Contingencies at 5 per cent. 

Petty supervision at 2J per cent. 

Total Ea... 

Vegetable stalls with Corrugated 
iron roof. 

467 0. ft. 

Earthwork, excavating foundation. 

311 „ 

Concrete, broken brick in mortar. 

783 „ 

' Table-mouMed brick in chunam. 

14 „ 

Semi-circular arohwork, table-moulded 
brick in ohunam. 

1609 sq. ft. ... 

Plastering with chunam, 2 coats. 

1609 „ 

Whitewashing, two coats. 

6U „ 

Flooring with, 4" thick concrete and 
plastered over with cement, J" thick. 

83 „ 

Plastering with cement, I" thick. 

2 0. it. 

Cutstone, 2 line dressed. 

76-19 „ 

Teakwood, wrought and put up. 

1176 sq.ft. ... 

Roofing with corrugated iron sheets, 20 
B.W.G. including all fittings etc., 
complete. 

395 c. it. 

Pilling in basement with earth. 
Gontingenoies at 6 par cent. 

Petty supervision at 2^ per cent, 

Total Bs... 
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Abstract Of Quantities For TSfeeHy Markets : 
Plate 126. 


Qiiantily. 

Description of work. 


Meat and beef stalls. 

1,661 0. it. 

Barthwork, excavation. 

1.616 „ 

Filling in basement with clean sand. 

242 „ 

Concrete, broken brick in lime mortar. 

1,878 

Brickwork in ordinary mortar. 

5-06 „ ... 

Cutstone work. 

2iri7 „ 

Teakwood, wrought and put up. 

552 IbB. ... 

Wrought.iron work. 

2,380 sq-fi. ... 

Eoofiug with Mangalore tiles over flat 
tiles including teak reapers, etc., com- 
plete. 

931 „ ... 

Flooring with unpolished Guddapah slab, 
2* thick, and pointed with cement to 
the full depth of slab. 

2,256 „ ... 

Plastering with cement, thick. 

2,898 „ ... 

Painting woodwork, 2 coats. 

No. 16 

Removable chopping blocks. 

200 t. ft. ...1 

Constructing 6" drain, semi-oval in 
section as per plate 194. 

Contingencies at 5 pet cent. 

Petty supervision at 2J pet cent. 

Total Rs... 


Quantity. 

Description of work. 

1,661 0. ft. ... 

Fish stalls. 

Earthwork, excavation. 

1,509 „ 

Filling in basement with clean sand. 

242 „ 

Concrete, broken brick in lime mortar. 

1.837 „ 

Brickwork in ordinary mortar, 

6 06 „ 

Cutstone work. 

21117 „ 

217 lbs. 

Teakwood, wrought and put up. 

Wrought- iron work. 

2,380 sq. ft. ... 

Roofing with Mangalore tiles over flat 

931 „ 

tiles including teak reepers, &o., 
complete. 

, -'“^liuddapah 
.-work 

2,314 „ 

f ^‘•ohat there ’ ar the slab, 

o between th.e s- 

2,898 „ 

200 r. ft 

rhas been obtain^ .j-j 

be builaing.-^ 1" 

)d on which . at 5 per cent. 

gggjllfpensiori oi 

! ^..apervision at 2J per cent. 

•. . Total Es... 
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BUILDINGS : MAIN DETAILS OF CONSTEUOTION OF DHOBIEHANAS 
AS GAINED FEOM A STUDY OF PLANS. 


i Bhobikhana: Plates 127 Ind 128. 

In the above plates are illustrated the plan of a 
dhobikhana designed by Mr. W. Hutton, Sanitary 
Engineer to the Government of Madras, for certain 
Local Bodies in the Presidency of Madras. His 
specification report accompanying this design was 
as follows: 1. This is a complete and a feasible 
scheme to accommodate 48 dhobies and comprises 
one central well, pumping arrangements, plat- 
forms, cisterns, taps, moms for ironing, ovens, 
stores, etc., and drainage system. 2, Each dhoby 
will use about 250 gallons of water per day of 10 
hours. Therefore 48 dhobies will require (48 x 250) 
12,000 gallons of water each day. The soil is 
presumed to be sandy at the site of the proposed 
dhobikhana and the subsoil water level is generally 
2' to 3^ below ground during monsoons and falls 
down to 8' or 10' during summer, Therefore a cen- 
tral well 6' in diameter and 16 feet below ground 
level with four small radiating galleries 50' long of 4" 
open jointed stoneware pipes will be quite suffici- 
ent to meet the demands of a dhobikhana for 
48 dhobies as it is expected to yield not less than 
60 gallons per minute with a depression of 4 feet. 
However, a well 8' in diameter, is provided in order 
to allow sufficient space for fitting up and working 
2 pumps. 3. A cast iron tank with internal dimen- 
sions of 16' X 16' X 4' and capacity of 6,400 gallons 
will be fitted up over the well on pillars built of 
laterite in lime and supported by girders as shown in 
plate 128. This tank is considered sufficient as it 
will hold more than the supply required for a half- 
day or 5 hours. It will be filled with water by 
hand-power lift and force pumps of the well known 
kite motion railway pattern. These pumps will be 
of the K pattern double barrelled brass pumps of 4" 
bore and 2i" sucti-on and delivery pipes capable of 
pumping 1,500 gallons per hour. One pump will 
be sufficient to meet the demands of the dhobies. 
Therefore the second pump will be kept in reserve 
for use during repairs. 4. There will be 4 wash- 
ing platforms capable of accommodating comfort- 
ably 12 dhobies in each. Each dhoby is provided 
with a fixed masonry cistern, a half-inch tap and 
laterite washing stone. The washing stone will 
not be fixed in masonry, as the dhobies generally 
adjust their posicions and heights to suit their 
individual habits. 5. Eour masonry platforms 
required, for starching, with rooms and tables for 
iroiuiig.,aA ends- and-isete-of -sheds- eontaining 12 
16 


rooms in each for country ovens, drains and drainage 
pits for sullage water, store rooms along the com- 
pound wall for keeping dirty and clean clothes and 
other stores, are provided. 6. The probable cost of 
the dhobikhana will be Es. 43,000 and the Local 
Body may construct the well, washing platforms, 
the drains and drainage pits at once and gradually 
add up the platforms and rooms referred to above 
when funds are available. 

Abstract Of Quantities For A DhoMkhana : 

Plates 127 And 128. 

Quantity. I Description of work. 


I General abstract. 

! 

I i blocks of rooms for ironing, starching 

I and drying clothes, during rains. 

1 blocks, each of 12 units, with country 
ovens, etc. 

1 4 washing platforms, each to acoom- 

I modate 12 dhobies, 

! Well, 8 feet in diameter. 

I Iron tank house. 

; i radiating galleries. 

; 8 blocks, each of 6 units (store rooms). 

; Compound wall. 

2 open drains. 

Pumps and pipes. 

Petty supervision at 5 per cent. 

Tools and plant at 2^ per cent. 

! Contingencies at 5 per cent. 

1 Total Es... 

I Booms for ironing, starching and 
drying clothes, during rains. 

680 c. ft. ... Excavating foundations. 

408 „ ... Concrete, broken stone in chunam. 

306 „ ... Laterite masonry in chunam. 

71 sq. ft. ... Pointing with chunam. 

960 „ Flooring with 2* Guddapah slab on 4" of 

concrete and neatly pointed with 
cement to the full depth of the slab. 

1,400 „ ... Roofing with corrugated iron sheets 

including washers, bolts, nuts, etc,, 
complete. 

717 „ ... Walling with corrugated iron sheets 

including bolts, washers, nuts, etc., 
complete. 

No. 1 ... Door with corrugated iron shutters, 

teak frames, hinges, bolts, etc,, com- 
plete (2'6"X6'0"), 

No. 4 ... Windows with corrugated iron shutters, 

teak frames, hinges, bolts, iron bars, 
etc,; complete (2' 6*X4^0*). 
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Qaantity, 

Description of work. 

No 6 

Ironing tables, wooden (3’ 0''X6' 0"). 

7*5 0. fi ... 

Granite stonework, 

133'02 „ ... 

Teak timber, wrought and put up. 

386 lbs. 

Iron work, 

1,498 sq. ft. ... 

Painting woodwork. 

Total cost of 1 block of ironing, starching 
and drying rooms. 

Total cost of 4 blocks of ironing, starch- 
ing and drying rooms. 

• 

Rooms with country ovens 
(1 block of 12 rooms). 

640 c. ft. ... 

Earthwork, excavating foundations, 

384 

Concrete, broken atone in chunam, 

288 „ 

Laterite masonry in chunam. 

67 sq.ft. ... 

Pointing with chunam. 

768 

Flooring with 2" Caddapah slab on 4" 
concrete and neatly pointed with 
cement to the full depth of the slab. 

1,500 „ ... 

Eoofing with corrugated iron sheets 
including washers, bolts, nuts, etc,, 
complete, 

2,494 „ ... 

Walling with corrugated iron sheets 
including bolts, washers, nuts, etc,, 
complete. 

No. 12 ... 

Doors with corrugated iron shutters, 
teak frames, hinges, bolts, looks, keys, 
etc., complete (Q'-G^XS'-O"). 

No. 12 .. 

Country ovens. 

10‘5o. ft. .. 

Granite stonework. 

123‘76 „ 

Teak timber, wrought and put up. 

1645 sq. ft. ... 

Painting woodwork. 

Total cost of 1 block of 12 units for 
country oven, 

Total cost of 4 blocks, each of 12 units, 
for country oven. 

Washicg platform. 

476 0. ft. 

Earthwork, excavating foundations, 

575 „ 

Laterite masonry in chunam. 

180 „ 

Laterite masonry in cement. 

252 sq. ft, 

Plastering with cement, thick. 

598 „ 

Pointing with chunam. 

702 „ 

Flooring with 2 " Cuddapah slab on 4' 
of concrete and neatly pointed with 
cement to the full depth of the slab. 

12 No. ... 

Washing stones. 

Total cost of 1 platform for 12 dhobies, 
Total cost of 4 platforms, each for 12 
dhobies. 

Well, 8 feet diameter. 

1,103 c. ft. ... 

Earthwork, excavation, 

710 „ ... 

lartbfilling. 

612 „ ... 

Laterite masonry in cement. 

1014Bq.fi ... 

Pointing with cement. 

12r.ft. ... 

Well sinking (well, 8' internal diameter). 

No, 1 ... 

Wooden well curb, 8* internal diameter. 

312 owt. 

Boiled bearer of British standard section 
including hoisting, 

Total coat of well. 

Iron tank house. 

196 0, ft. ... 

Concrete, broken stone in chunam. 
Laterite masonry in chunam. 

188 „ ... 


Quantity, 

Description of work. 

360 sq. ft. ... 

Pointing with chunam. 

9 c. ft. ... 

Granite stonework. 

12'86cwt. 

Roiled steel bearers of British standard 
section including hoisting. 

Cast iron tank 16'-0'X16'-0''x4'-0'' with 
a capacity of 6,400 gallons, etc,, com- 
plete. 

No. 1 

No. 1 ... 

Fixing do. 

Total cost of iron tank house. ... 

Radiating galleries. 

16,150 0. ft. ... 

Earthwork, excavation. 

400 „ ... 

Filling in with broken stones. 

12,350 „ ... 

Pilling in with clean river sand, 

3,400 „ ... 

Pilling in with excavated earth. 

50 r, ft. ... 

4" stoneware pipes with open joints 
including laying, etc., complete. 
Pumping charges. 

Total cost of 1 radiating gallery. 

Total cost of 4 radiating galleries, each 
50 feet long. 

Store rooms (1 block of 6 units). 

330 0. ft. ... 

Earthwork, excavation, 

198 „ 

Concrete, broken stone in chunam, 

149 „ 

Laterite masonry in chunam. 

35 sq. ft. 

Pointing with chunam. 

480 „ 

Flooring with 2* Cuddapah slab on 4* 
concrete and neatly pointed with 
cement to the full depth of the slab. 

900 „ 

Roofing with corrugated iron sheets 
including bolts, etc., complete. 

1,149 „ 

Walling with corrugated iron sheets 
including bolts, washers, nuts, etc., 
complete. 

6 No. 

Doors with corrugated iron shutters, 
teak frames, hinges, bolts, locks, keys, 
etc,, complete (2'-6''X6'-0*). 

3'5 0. ft. ... 

Granite stones. 

66‘39 „ 

Teak timber, wrought and put up, 

943 sq.ft. 

Painting woodwork 

Total cost of store rooms, 1 block of 
6 units. 

Total cost of store rooms, 8 blocks of 
6 units. 

Compound wall, 10 feet long. 

50 0. ft. ... 

Earthwork, excavation, 

20 „ 

Concrete, broken stone in chunam, 

77 „ 

Laterite masonry in chunam. 

140 sq.ft. ... 

Pointing with chunam. 

Cost of compound wall, 10 feet long, 

Cost of compound wall, 950 feet long. 

Add cost of gate. 

Total Be... 

Sludge pits. 

181 0. ft. ... 

Earthwork, excavation. 

66 „ 

Laterite masonry in chunam. 

131 sq. ft. ... 

Plastering with cement, thick. 

32 0. ft. 

Filling in with broken stones. 

32 „ 

Pilling in with gravel. 
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Quantity. 

Description of work. i 

1 

64 c. ft. ... 

Filling in with sand. i 

Total cost of 1 sludge pit. j 

Total cost of 2 sludge pits. ! 


Open drain. 

1,616 r. ft. ... 

6' open drain. 

Total cost of open drain. 


Pumps and pipes. 

No. 2 ... 

Hand power lift and force pumps of kite 
motion railway pattern with suction, 
delivery pipes, etc., complete. 


Quantity. 

Description cf work. 

No. 2 

Fising power' lift and force pumps of 
kite motion railway pattern with 
suction, delivery pipes, etc., complete. 

2‘80 tons. 

Cast iron pipes. 

6*64 cwt. 

, Cast iron specials. ] 

500 r. ft. ... 

Laying pipes including excavation, 

No. 66 .. 

, Cement joints. 

No. 16 .. 

.' Lead joints. 

No. 48 

.[ J* water taps including wrought iron 
: tubes, reducing elbows, etc., complete 

1 including fixing, 

i Tola Es... 



BUILDmOS : MAIN DETAILS OP CONSTEUOTION OP CONSERVANCY 
DEPOTS AS GAINED PROM A STUDY OF PLANS. 


Consemncy Depot: Plates 129 To 125. 

Iq the above plates is illustrated the type design 
No. 156 issued with proceedings of the Madras 
Sanitary Board No, 476*8., dated 19-5*1914. The 
specification report which accompanied this design 
was as follows : The design was specially prepared 
for the Etimbakonam Municipality, but it is pro- 
posed to issue it as a type design as it can be 
adopted in other towns with such modifications 
as local conditions necessitate. The design for 
a conservancy depot comprises, (1) a bullock 
shed to accommodate 52 bullocks, (2) a conta- 
gious diseases shed to accommodate 8 bullocks, 
(3) an office and store room, (4) a smithy, 

(5) rubbish and sewage and night-soil cart-stands, 

(6) cattle attendants’ quarters, (7) water supply 
arrangements, (8) drainage and (9) compound wall. 
The provision made in the design for contagious 
disease shad, office and store room, smithy, 
cattle attendants’ quarters, etc., may be omitted 
at the option of the Local Body eonearned. The 
design is intended merely as a model to be 
followed by any Local Body which wishes to build 
a conservancy depot; Local Bodies are not pro- 
hibited from providing more economical arrange- 
ments than those laid down in the design if they 
wish. Arrangement of buildings: The site plan 
in plate 129 shows the location of the different 
buildings enumerated above. Materials and prin- 
ciples of construction: General: Masonry: The 
structures are designed for brick masonry, but any 
local building material may be employed. But 
in such case the thickness of the walls should be 
suitably altered. Foundations: The foundations 
provided in the design are the minimum required 
in hard soil. They should be altered to suit; the 
nature of soil at site. Eoofiog timber : Any of the 
timbers mentioned in the Chief Engineer’s Circular, 
No. 2040-C, dated 29th April 1909, as applicable to 
Table I of Circular No. 2M-0, dated 9th January 
1908, may be used. Doors and windows: All 
doors and windows should be of teak. Painting : 
All wood-work and iron-work should be painted 
with three coats of silicate paint of chocolate 
colour and of an approved make: (1) Bullock 
shed to accommodate 52 bullocks, vide plates 133 
and 134: This shed measures 150^X33' and is 
open at the sides. The two ends are closed by a 
masonry wall pierced with an opening in the centre 
8 feet wide and 9 feat high. The shed is roofed 


with Mangalore tiles on teak reepers and teakwood 
rafters and purlins. The roof is supported by E.S. 
columns braced laterally by rolled steel joists. 
The basement will be 1 foot above ground level 
The entrance to the shed for the bullocks in front 
and rear will be by a gravel ramp, as shown in the 
design. Flooring is of 4" cufcstone with rough 
dressed surface on 4” surkhi concrete and the 
joints neatly pointed with cement. 12" x 12" stone 
flagging may be used if procurable locally at 
a cheaper rate. Tbay should be laid and jointed 
as above. Two feeding troughs will be constructed 
with 3" split granite slabs with a space of 4 feet 
between them as shown in the design, to serve as 
gangway for attendants. Eectangular drains, one 
on each side, constructed with cutstones will be 
provided to receive urine and washings. This form 
of drain is adopted in preference to semi-oval shape 
so as to prevent bulls accidentally getting their legs 
caught in a narrow deep drain. The drain will be 
sloped from the centre towards the end and will 
discharge into a cesspit provided at both ends. 
(2) Contagious diseases shed, vide plate 134: This 
shed is 30'X33' and will accommodate 8 bullocks. 
The details regarding its construction are the same 
as those of the main bullock shed. (3) An office 
and store room, vide plate 135 : General : The 
design comprises (1) a watchman's shed, 10^X12', 
(2) office room, 20'xl2', (3) medicine room, 15' x 
12', (4) store room 30'xl2', (5) tools room, 30' X 
12' and (6) a verandah, 6 feet wide, in front. 
Gutstone work : Bed stones 9" x 9" x 6" are provided 
for verandah posts. Flooring will be of Guddapah 
slab, li" thick, on 4" concrete and the joints neatly 
pointed with cement to the full depth of the slab. 
Doors will be teak batten doors. The doors will 
have no sill pieces. The door posts will be tenoned 
into the Guddapah slab floor, Windows will be 
batten with bars, Eoof will be of Mangalore tiles 
over teak reepers. Finishing: The interior and 
exterior of walls will be plastered with chunam, two 
coats. (4) Smithy, vide plate 131: General: The 
smithy is 20' x 10' with a hearth measuring 4' x 
4' as shown in the design. Tne whole structure is 
of iron with corrugated iron walls and roofing. The 
iron columns will be bedded in concrete. Flooring 
will be of 6" gravel, well rammed and consoli- 
dated. The forge will consist of a brick in clay 
hearth fitted with bellows of the pattern shown 
in the design, A wrougbt-iron dome and a wrought- 
iron chimney will be provided over the hearth as 
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shown in the design. If preferred, the forge may be 
placed in an open shed, only a portion of the shed 
being enclosed for keeping tools and materials, in 
which case the dome and chimney maybe dispensed 
with. (5) Eubbish sewage and night-soil care- 
stands, vide plate 135 ; A platform measuring 
320' X 20' is provided for rubbish carts and another 
150' X 20' for night-soil and sewage carts. The 
floor of the cart-stands will be formed of 6" gravel, 
well rammed, with ramps all round as shown in the 
design. It is not considered necessary to provide 
sheds for carts. They will be better out in the 
open. As a protection against sun, sheds are not 
required as the carts will be in the depot only 
during the nights. Bsposura to rain will not do 
them any harm, but will help to keep them clean. 
If there is no municipal workshop, a shed will be 
necessary for repairing the carts. In this case 
special arrangements wili have to be made in the 
depot, and the smithy and workshop may be com- 
bined together. (6) Oattle attendants’ quarters, 
vide plate 132 : (7) Water-supply, vide plates 129 
and 130 : The provision consists of a weli, pump 
shad, reservoir with distribution pipe and fountains, 
Well: The well is 10 feet in diameter and will be 
sunk or built to suit local conditions. It should be 
at least 10 feat below summer water level. The 
steining below the summer water level will be built 
in brick in clay and above that with brick in 
chunam. The parapet will be 7 feet high to prevent 
people from drawing water from it by dipping 
vessels. The space between the excavation and 
sides of the steining below summer water level will 
be filled in with clean gravel or broken stone and 
above that with clay puddle as shown in the design. 
The parapet and steining inside up to summer water 
level will be plastered with cement, F thick. (If 
stone masonry is used for steining it may be pointed 
with cement.) Step irons should be provided for 
access into the well and for repairing the suction 
pipe, etc., when necessary. The pump shed will be 
an open shed, 10' xlO', roofed with Mangalore tiles 
on teak reapers and rafters as detailed in the design. 
A kite motion, railway pattern, double brass barrel 
pump with 3 J" diameter barrel and 2F suction and 
delivery, capable of delivering 1,000 gallons per 
hour, is provided. The horizontal length of suction 
pipe from well to the pump wili be laid with a 
gentle rise as shown in the design. Eeservoir: 
The reservoir will be a wrought-iron tank 10' X 
10' X 5', thickness of plate being 3/16", and capable 
of holding 2,800 gallons with a depth of 4F 
'of water. The tank will be roofed with 22 B.W.G. 
corrugated iron sheets over teak wood rafters, etc. 
The gables will be closed with expanded metal 
fixed in teak frames. The tank will rest on four 
rolled steel girders 7" X 4" X 16 lbs. carried on two 
double-headed iron rails fixed to the beads of the 


posts. The posts will be of double-headed iron 
rails braced diagonally by iron 3" X 3" X Distribu- 
tion pipes and fountains, etc.: The distribution will 
consist of 3'" east-iron pipes, fountains, hydrants, 
etc,, as indicated in the plan, plate 129. Watering 
trough, vide plate 131 : Three watering troughs with 
a platform all round and a splash wall on both sides 
have bean provided. The troughs will be filled from 
the reservoir by a 3" main and taps. The splash 
wall provided wili be 7| feet high and will prevent 
the splashing of water outside when the animals are 
washed. The flooring of the platform will be of 
eutstone with rough surface laid on 6" concrete 
and neatly pointed with cement. (8) Drainage : 
Open drains wili be constructed to carry the wash- 
ings and sullage of the different sheds. The sewage 
from the depot will be discharged into existing 
sewage drains or disposed of in an adjoining farm 
if land is available or treated biologically and 
the effluent discharged into an adjoining ditch. 
Open drains will be semi-oval in section as 
in plate 194. (9) Compound walls with gates, 
plate 129: There will be a compound wall of 
brickwork in mud, plastered with two coats of 
chunam. As an alternative, any form of unclimbable 
wire fence or steel paling may be provided. The 
body of the wall will be of brick in mui Tnere 
will be a coping of brickwork in chunam as shown 
in the design. Wooden gates, 12 feet wide, with 
gate pillars are provided. (10) Fencing hay stacks ; 
Either iron wire or other fenciug shoull be provid- 
ed around the hay stacks. 


Abstract Of Quantities For A Conservancy 
Depot : Plates 129 To 135. 


Quantity. 

Description of work. 


General abstract. 

Bullock sheds. 

Contagious disease shed. 

Office and store room. 

Smirh’s shed. 

Rubbish and night-soil and sewage cart- 
stands, 

Oattle attendants’ quarters. 
Water-supply. 

Drainage. 

Compound wall. 

Fencing the hay stacks. 

Conserving the tank. 

Tools and plant at 2| per cent. 
Contingencies at 5 per cent, 

Petty supervision at i!| per cent, 

Total Rs. ... 
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Abstract Of Quantities For I Buliock Shed 
For 52 Bullocks: Plates 133 And 134. 


Qaantity. 

Description of work. 

1,834 0. it. ... 

Excavating foundations. 

931 „ 

Concrete in lime mortar. 

1,581 „ 

Concrete in surkhi mortar. 

1,638 „ 

Brick in lime mortar. 

36 „ 

Archwork. 

1,803 „ 

Outstone work. 

1,479 sq.ft. ... 

Pla'?tering with chunam, two coats. 

1.479 

Whitewashing, two coats. 

5,123 „ 

Pointing with cement. 

77 „ ... 

Plastering with cement. 

11-125 tons. ... 

Boiled steel girders. 

18’866 owfe. 

Wrought-iron work. 

637 c. ft. ... 

i Teakwood, wrought and put up. 

469 sq. ft. ... 

Teakwood louver. 

No. 4 

Teakwood finials. 

6,383 sq. ft. ... 

Roofing with Mangalore tiles on teak 
reapers. 

10,451 

Painting, chocolate, two coats. 

750 0. ft. ... 

Gravelling. 

No. 52 

Providing rings to tie up bulls. 
Contingencies, 

Total Rs. ... 


Abstract Of Quantities For A Contagious 
Disease Shed; Plate 


Quantity, 

Description of work, 

1,005 c. ft. ... 

Excavating foundations. 

426 „ 

Concrete in lime mortar. 

324 „ ... 

Concrete in surkhi mortar. 

1,012 „ 

Brick in lime mortar. 

36 „ ... 

Archwork. 

374 „ 

Cutstone work. 

1,479 sq.ft. ... 

Plastering with chunam, two coats. 

1,479 „ ... 

Whitewashing, two coats. 

1,003 „ 

Pointing with cement. 

24 „ ... 

Plastering with, cement. 

32*16 owts, ... 

Rolled steel girders. 

287 lbs. ... 

Wrought-iron work, 

94-710. ft. ... 

Teakwood, wrought and put up. 

70 sq.ft. ... 

Teakwood louver. 

No. 4. 

Teakwood finials. 

1,360 sq. ft. ... 

Roofing with Mangalore tiles on teak 
raspers with flat tiles. 

1,741 „ ... 

Painting with chocolate, two coats. 

150 0. ft. ... 

Gravelling. 


Abstract Of Quantities For An OfiBce 
And Store Shed : Plate 135. 


Qaantity, 

Description of work. 

2,169 0. ft. 
2,572 „ 

565 „ 

5,435 „ 

Earthwork, excavation and filling in. 
Pilling in basement. 

Oonorete in lime mortar. 

Brick in lime mortar. 


Quantity. 

Description of work. 

126 0. ft. 

Arobwork. 

6.457 sq. ft. 

Plastering with chunam, two coats. 

4 G. ft. 

Outstone work. 

1,713 sq. ft. 

Flooring with 1^" Ouddapah slab on 4" 


concrete. 

188 „ 

Flooring with Ouddapah slab only. 

178 c. ft. 

Teakwood, wrought and put up. 

6,457 sq. ft. 

Whitewashiog, two coats. 

3,068 „ 

Reefing with Mangalore tiles on teak 


reapers. 

130 „ 

Teakwood battened doors with frames. 


etc., complete. 

240 „ 

Teak battened windows with iron bars, 


etc., complete. 

3,076 „ 

Painting, two coats, with chocolate paint. 


Total Rs. ... 


Abstract Of Quantities For A Smith's 
Shed: Plate 131. 


Qaantity. 

Description of iioth 

133 0. ft. 

Excavating foundation and filling in. 

93 „ 

Concrete, broken bricks in lime mortar. 

7‘95 cwt. 

Rolled steel girders. 

19 „ 

Wrought-iron work. 

62 c. ft. 

Brick in lime mortar. 

64 sq. ft. 

Plaster! Dg with chunam, two coats. 

1,225 „ 

Corrugated iron, 24 B.W.G. 

108 „ 1 

Corrugated iron, 24 B.W.G. doors and 
windows with angle iron, hinges, rivets 
eto., complete. 

372 „ 

Painting, chocolate, two coats. 

1 76 „ 1 

Painting, coal tar, two coats. 

158 0. ft. 

Gravelling. 

No. 1 

Bellows with lever, etc., complete for 
working. 

Total Rs. ... 


Abstract Of Quantities For Rubbish And 
Sewage Cart-Stands : Plate 135. 


Qaantity. 

Description of work. 

5,485 c. ft. ... 

Gravelling. 

Total Rs. ... 


Abstract Of Quantities For Huts For Cattle 
Attendants ; One Block Of 4 Huts : Plate 132. 


Quantity. 

Description of work. 

1,270 0. ft. ... 
301 „ 

1,407 „ 

1,166 „ 

Earthwork, excavation for foundations. 
Filling in basement with earth. 

Country brick in lime mortar (foundation 
and basement). 

Country brick in mud (superstructure). 
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Quantity. 

Description of work. i 

m 0. ft. ... 

Country brick in lime mortar {tiuper- 1 
structure). 1 

70 „ 

Archwork, country brick in lime mortar, i 

66'66 „ 

Country wood, wrought and put up. j 

, 156 sq.ft. ... 

Country wood, batten doors with frames, ' 
iron fittings, complete. i 

80 „ 

Country wood, batten windows with i 
frames, iron fittings, complete. i 

701 „ 

Flooring with 6" square tiles over 4* j 
concrete and pointing with cement, j 

U „ 

Flooring with Cuddapah slabs over 4* j 
concrete. j 

26S 

Gravelling, 6" thick, well watered and [ 
rammed. 

1,256 „ 

Roofing with Mangalore tiles on fiat 
tiles including reepers, etc., complete. 
Roofing with Mangalore tiles including 
reepers, etc., complete. 

192 „ 

4,129 „ 

Plastering with lime mortar, one coat. 

1,435 „ 

Tarring, two coats. 

66 „ 

Honeycomb tile work. 

55 r. ft. ... 

6" masonry drain including concrete 
filling and cement plastering, etc., 
complete. 

Lump sum. 

Forming fire places in kitchen. 

Total Es. ... 


Abstract Of Quantities For Water Supply Of 
A ConserYancy Depot : Plates 129, 130 And 131. 


Quantity. 

Description of work. 

3,247 0, ft. ... 

Well, pump sbed aud reservoir. 

Excavating foundations for well, 

3,386 „ 

Ist footing. 

Do, 2nd do. 

2,230 „ 

Do. 3rd do. 

1,485 „ 

Do. 4th do. 

300 „ 

Excavating foundations. 

260 „ 

Concrete in lime mortar, 

2,527 „ 

Broken stone filling. 

2,233 „ 

Clay puddling. 

2,918 „ 

Earth filling, 

840 „ 

Brick in clay. 

899 „ 

Brick in lime mortar. 

890 sq. ft. ... 

Plastering with cement, two coate. 

114 „ 

Plastering with cement, thick. 

144 r. ft. ... 

Double-headed iron rails. 

6'71 owt. 

Rolled steel girders. 

4’21 „ 

Wrought-iron work, 

120 sq. ft. ... 

Expanded metal, 1* size. 

182 „ 

Corrugated iron, 24 B.W.G, 

30-75 0. ft. ... 

Teakwood, wrought and put up. 

No. 8. 

Teakwood finials. 

144 sq. ft. ... 

Roofing with Mangalore tiles on teak 

No. 16. 

battens. 

Wrought iron steps for well, 

1,262 sq. ft. ... 

Painting, chocolate, two coats. 

Lump sum. 

Pump, brass, railway pattern, double- 

barrelled, including fixing, etc., com- 
plete. 


Quantity. j 

Description of work. 

! 

Lump sum. ; i 

\ 

\ 

3ast iron tank, 10' X 10' X 5' with 
hoisting, fixing, etc. 

Supply and delivery. 

118 cwt. ...'1 

Supply and delivery of 3" oast iron pipes. 

38 „ .. ; 

M of 21" cast iron pipes. 

i3’77" 

Bends, branches, collars, etc. 

17016" ...1 

Flanged pipes and bends. 

! No, 1 ...1 

2|" foot valve with strainer. 

i 150 r. ft. ...j 

2" wroueht-iron tubes, galvanised. 

No.l ...j 

2" do. bend, galvanized. 

„ 1 ...! 

2" X 1|" reducing coupling. 

„ 2 ...1 

2" X tees. 

„ 6 

li" elbows. 

„ 3 ...| 1^" X I* reducing couplings. 

30 r. It. ...; 

wrought iron tubes. 

No. 6 ...1 

Fire hydrants. 

„ 9 ...| 

Hydrants with stand posts. 


Single-tap fountains. 

M 3 ...1 

3" sluice valves, 

» 1 -1 

2" stop cocks. 

2 ...1 

2|" sluice valves. 

» 3 ...: 

taps. 

» 6 ... 

Surface boxes for hydrants. 

„ 5 

Do, for sluice valves, 

» 1 ••• 

Do. for stop cooks. 

Laying and jointing. 

12,882 c. ft. ... 

Earthwork, excavation. 

1,000 ft. 

Laying 8" cast iron pipes. 

No. 158 

Jointing 3" cast iron pipes. 

325 r. ft. ... 

Laying 2^" cast iron pipes. 

No. 76 

Jointing 2|* cast iron pipes. 

1531. ft, ... 

Laying and jointing 2* wrought iron 
tubes. 

40 „ 

„ 1|* wrought iron 

tubes. 

No. 15 

Fixing hydrants. 

„ 3 

Do. 3" sluice valves. 

„ 2 

Do. 2^" sluice valves. 

„ 2 

Erecting fountains. 

Watering troughs. 

1.972 0. ft. ... 

Excavating foundations, 

542 „ 

Concrete in lime mortar. 

713 „ 

Do. surkhi mortar. 

1,491 „ 

Brick in lime mortar. 

661 „ 

Cutstone work. 

2,934 sq. ft. ... 

Plastering with ohunam, two coats. _ 

746 ... 

Plastering with cement, | inch thick, 
two coats. 

1,321 „ 

Pointing with cement. 

Total Rs. ... j 
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Abstract of Quantities For Open Drains For 
A ConserYancy Depot: Plate 129. 


Quantity. 

Description of work. 


For 6" open drain. 

753 G. ft. 

Earthwork. 

300 „ 

Concrete, brick Jelly in mortar. 

215 „ 

Brick in mortar. 

170 „ 

Brick on edge. 

365 sq.ft. ... 

J Plastering with cement, f" thick. 

425 n 

i Pointing with cement. 

! Add extra 6" drain for six branches. 


Quantity. 

Description of work. 


For 9" open drain. 

2,100 0. ft. 

Earthwork. 

702 „ 

Concrete, brick jelly in mortar. 

773 „ 

Brick in mortar. 

342 „ 

Brick on edge. 

1,103 sq.ft 

Plastering with cement, f" thick. 

885 

Pointing with cement. 

No. 2 

Cesspools, 

» 1 

Catch pit or cistern. 

» 1 

Oollectiog well to sewage farm. 

Total Ks. ... 





BUILDINGS: OPENING UP OF CONGESTED AEEAS: PLANNING OF 
VILLAGE AND TOWN EXTENSIONS: THE DESOEIPTION OF SOILS 
AND STEATA BEST SUITED FOE THE EEECTION OF BUILDINGS 
IN EESPECT TO STABILITY AND HEALTHINESS OF THE DWELL- 
INGS EEEGTED TJEEEEON. 


Introduction. 

‘Thera is no doubt that at the present day con- 
siderable interest is being evinced in Town-plan- 
ning schemes by all Government and Local Bodies 
throughout the world. Whether the methods 
adopted for securing proper town-planning schemes 
by the authorities are on sound principles is rather 
a doubtful question. When Government introduced 
this subject in the revised syllabus in advanced 
Minor Sanitary Engineering, I do not think Govern- 
ment intended that your knowledge in this part of 
the subject should be so specialised as to qualify 
you for being appointed as assistants to Town- 
planning experts. It is the opinion of Professor 
Geddes that there is no such thing as a town- 
planning expert and that any body could town* plan, 
and that the most they could in their age was to try 
and recover in some way the use of this great lost 
art. However, in the matter of the objects of 
town-planning the opinion of this expert is as 
follows : The problem of town-planning was so to 
design as to give individuality and variety to build- 
ings, and not to perpetuate monotony, as in the 
case of the dreary and regular buildings of the bye- 
law plan. People, he believed, would be unfit for 
social, military, educational and intellectual servi- 
ces in increasing numbers in the monotonous 
dreariness of life if there were no individuality and 
variety. He could not imagine that a healthy and 
vigorous population could be produced in numbered 
rows of buildings. They should differentiate and 
individualise their neighbourhood as completely as 
possible. They should think out detail after detail 
of each of those things. Healthy town-planning 
was a definite culture of life, in which they were 
trying to grow human beings more and more effec- 
tively, and the business of town-planning was 
essentially to render homes more and more effect- 
ive. In these days of new streets and new im- 
provements they were largely repeating the errors 
of Europe in the generations before the last. He ex- 
horted them to preserve the hereditary homes of 
poorer citizens and the keeping of all pucca houses 
and the sweeping away of hutcha ones, thus incur- 
ring the minimum of compensation to those who were 
IT 


displaced. Town-planning may, therefore, be defin- 
ed as the art of planning towns in respect of the 
distribution of buildings and open spaces and provi- 
sion of streets and roads suitable to each area. In ail 
cases of town-planning the first requisite is a public 
authority possessed of power to control, guide and 
regulate the growth and development of towns, 
especially as regards building sites, their approaches 
and surroundings. Such powers generally include 
the prevention of the growth of ugly suburbs and 
mean streets or lanes and securing for the inhabi- 
tants of any particular locality a sufficient supply 
of the essentials of a healthy life : namely, sunlight, 
fresh air, and vegetation. I do not propose to deal 
exhaustively with this subject and I will therefore 
refer you to the following list of literature on this 
subject. Books :(1) “Town-Planning in Practice” 
by Eaymond Unwin, 21 s. net. (Publisher T. Fisher 
Unwin). (2) “ The Garden City ” by 0. B. Purdom, 
10s. 6d. net. (Publishers J. M. Dent & Sons, 
Limited). (3) " Practical Housing ” by J. S. Nettle- 
fold, popular edition, Is. fid. (Publisher T. Fisher 
Unwin). (4) “Town-Planning and Modern 
Architecture ” at the Hampstead Garden Suburb, 
2s. fid. (Publisher T. Fisher Unwin). (5) “ A 
Study in City Development ” by Professor Geddes. 

(6) “Notes on Housing Question,” including the 
case against Municipal House Building. Eeprinted 
from the Birmingham Daily Mail E. 0, Osborne 
and Son, Borough Press, Birmingham. Price Id. 

(7) Extracts from Evidence given before the 
Glasgow Municipal Commission on the Housing of 
the Poor, 1903. (8) “ A Housing Policy.” Cornish 
Bros., Ltd., 37, New Street, Birmingham. Price fid. 
(9) Birmingham Housing Committee’s Eeports. 
(i) Information on general Housing Conditions and 
their causes. Chairman’s speech explaining recom- 
mendations, October 20th 1913. (ii) Property 
imperfectly repaired, February fith 1906. (iii) Town- 
Planning, July 3rd 1906. And Chairman’s speech 
in support of it. (10) Lantern Lecture, explaining 
the Birmingham Housing Committee’s Slum Ee- 
form work, and advocating Town-Planning. Deliver- 
ed in the Birmingham Town Hall, March 28th 
1906. (11) “Midland Conference on Town-Plan- 
ning,” October 27th 1906. (12) “ Slum Beform 
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and Town-Planning.” Birmingham and Disfcricii 
Housing Eeform and Open Spaces Association, 
293 A. Broad Sfereefc, Birmingham. (A leaflet.) 
(18) “ Housing Problem-Present powers of Local 
Authorities.” Eeprinted from the Local Government 
Officer, October 5th, 1907. (A leaflet,) Associa- 
tion of Municipal Corporations : (i) Minutes of 
Council Meeting, June 18th, 1907. (ii) Deputa- 
tion to Premier, August 7th, 1907. (14) “Town- 
Planning in Theory and Practice.” Garden City 
Association. Price Is. (15) Itinerary, for visitors 
coming to inspect Birmingham’s Slum Eeform 
work.(16) “ Town-Planning at Harborne.” Eeprint- 
ad from the Birmingham Gazette and Express. 
September 21st, 1907. (A leaflet). (17) “ Co-part- 
nership Housing by the Workers, for the Workers.” 
Eeprinted from the Birmmgham Gazette and Ex- 
press. September 8tb, 1908. (A leaflet.) (18) “Plan 
of an Ideal Town.” By Dr, Ludwig Hercher of 
Wiesbaden. (19) “ Houses and Homes.” Eeprinted 
from the Sphere. May 23rd 1908. (20) “Har- 
borne Tenants Ltd.” Descriptive pamphlets, 
1908 and 1909. (21) “ Ancient Town-Planning ” 
by F. Haverfield. Net. 6s. Clarendon Press. 
(22) Town-Planning, with special reference to the 
Birmingham schemes. By George Cadbury, Junior. 
Messrs. Longmans, Green and Company, 7s. 
6d, net. (23) Town Planning Institute Transac- 
tions. (24) Practical Town-Planning by J. S. 
Nettlefold, 2s. net. (25) A Practical Guide in 
the preparation of Town-Planning schemes by 
E. G. Bentley and S. Pointon Taylor, 5s. net. 
Periodicals: (l) “ Town-Planning Eeview.” Quar- 
terly, 10s. 6d. per annum. (2) “ Garden Cities and 
Town-Planning.” Monthly, 4s. per annum. ( 3 )“Th 0 
American City.” Monthly, 8s. 4d. per annum. 
(The above three may be obtained from the Garden 
Cities and Town-Planning Association, 3, Gray’s 
Inn Place, London, W, C.). (4) “ The Municipal 
Journal.” Weekly 8s. per annum (The Municipal 
Journal, 80, Fleet Street, London, E. 0.). (5) “ The 
Local Government Eeview.” 12s. per annum (The 
Cavendish Press, 25, White Press, Moor Lane, 
London E. 0.). (6) Co-Partnership, A monthly 
journal published by Co-partnership Tenants, Ltd., 
6, Bloomsbury Square, London, W. 0. Price Id, 

Primary Objects Of Town Planning, 

In ^ the admirably popular book ‘ Practical 
Housing’ by J. S. Nettlefold, the primary objects 
of Town Planning are thus summarised : “ 1. To 
facilitate and encourage thorough co-operation be- 
tween all concerned in the provision and supervision 
of housing accommodation for the people, in order 
to provide town populations with the light, air, 
and space essential to human health. Such co- 
operation would avoidi the waste now caused by 
Inelastic bye-laws, which give Local Authorities no 


power to meet landowners In the cost of estate 
development, even when they are willing to restrict 
the number of houses per acre, and provide open 
spaces for rest and recreation. Town extension is 
a business question, and should be dealt with on 
give-and-take business lines. Eed tape is fatal. 
2. To ensure the exercise of foresight in reserving 
plenty of room where eventually main thorough- 
fares will be required. During the last thirty 
years a vast expenditure has fallen on the ratepayers 
of England for the demolition of buildings which 
never ought to have been put up. 8. To take into 
account everything that helps to make life worth 
living, to consider the surroundings of a house as 
well as the house itself. Cheerful surroundings 
are quite as important as healthy homes. Town 
Planning may be considered as an endeavour to do 
for a town what an architect does for a house, when 
he sits down to draw out the plans before digging his 
foundations. He considers what he wants, and then 
does his best to fit in his various requirements to a 
harmonious whole. It is only by this means that 
he obtains what is required at a reasonable cost. 
The wise development of a town is of vital import- 
ance, not merely to one individual, but to a very 
large number of people, and the questions to be 
considered are much more numerous and compli- 
cated than the questions involved in the erection of 
a single house. If it is necessary (and everyone 
recognises that it is) to plan out a house as a 
whole before starting to build, then a thousand 
times more it is necessary in the interest of public 
health, public convenience, and public economy, to 
plan out towns as a whole before new developments 
are allowed. The first principle of Town Planning 
is to consider beforehand the constituent parts of a 
modern town, and then to arrange them in such a 
way that the result shall show an ordered harmony. 
We cannot suddenly undo all the mistakes of the 
past, but at least we can try to prevent mistakes 
in the future by planning out in a comprehensive 
manner urban and suburban districts before the 
work of development is commenced. If we had 
power to consider first how existing towns ought 
to have been planned, and then year by year to 
make our town improvements in accordance with 
that plan, we might by degrees correct past mis- 
takes, and on systematic economical lines gradually 
bring our centres of population up to the standard 
required by modern conditions of life. Instead 
of that we remedy a bit here and a bit there, 
in the piecemeal and extravagant fashion now 
accepted as satisfactory by people generally 
who do not know how much better things 
could be managed, and in fact are managed 
elsewhere. The principle of Town Planning has 
proved of great assistance in other countries in the 
co-ordination of town improvements, and could be 
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used in a similar direction here also. But there 
is .a much larger possibility of usefulness in the 
planning out beforehand of new districts. It is so 
much easier, as well as so much cheaper, to prevent 
evils than to undo them. The constituent parts of 
a town may be roughly divided under the follow- 
ing heads : 1. Manufactories. 2. Warehouses, 
3. Offices. 4. Shops. 5. Public parks, playgrounds, 
and small spaces. 6. Public buildings. 7. Private 
dwelling houses. 8. Public streets and other means 
of communication. A town extension plan con- 
templates and provides for the development as a 
whole of every urban, suburban, and rural area 
likely to be built upon during the next thirty or 
fifty years. Wide avenues are provided for the 
main traffic between the centres and the outskirts, 
narrower streets for ordinary traffic, and again 
narrower and less expensive roads or drives for 
purely residential quarters. Parks and small 
open spaces and playgrounds are provided for 
beforehand, instead of waiting till the land required 
has risen to an impossible price, and in a sensible 
plan these “ lungs ” are located on back land, nob 
on valuable frontage, as is so often the case to-day 
in this country, Districts are allocated for factories 
on the opposite side of the town to that from which 
the prevailing winds come, and here there are rail- 
way lines, and, where possible, water communica- 
tions. The future town is divided into districts, 
and these districts are graded. High buildings 
close to each other are allowed in the centre and 
on the main arteries ; in residential districts build- 
ings must be lower and more dispersed the further 
they are from the centre of the city or its main 
arteries. In those streets where traffic is light, and 
a sufficient distance is maintained between the 
opposite lines of houses, narrow and inexpensive 
roadways or drives are allowed in order to keep 
down the cost of estate development, which in 
modern English suburbs is responsible for ab least 
l5. per week on a 6s. 6d. house. Warehouses should 
be placed in a convenient position for the factories 
and other consumers of the goods stored there. 
Business offices should be in the centre of the town, 
where land is dear, because the heavy ground rent 
is more than met by the time and money saved by 
the convenience of this position. Public buildings 
should also, as far as is convenient for the work 
they have to do, be placed in the centre of the town 
in commanding positions, not only for the sake of 
the time and money saved by the convenience of 
the position, but also as a reminder of the town's 
corporate existence, and a daily inspiration to local 
patriotism. The natural position for shops is on 
the main thoroughfares, where customers are con- 
tinually passing to and fro. Tne shop-keepers will 
have heavier rents and rates to pay in main 
thoroughfares than in side streets, but their position 


acts as an advertisement, and they will make 
more money with which to meet their increased 
liabilities. This question as to how far shop-keepers 
benefi!; from wide streets is a controversial point. 
It is obvious that if there were two main thorough- 
fares running parallel to each other, the one wide 
and the other narrow, more people would use the 
wider street, assuming, as we must, that both 
streets provided an equally short route between 
different parts of the town. On the other hand, 
experienced shop-keepers in Bond Street, London, 
contend that they get more trade in a narrow 
street where customers can, from either footpath, 
sea the goods displayed in any given shop. It 
is quite possible that the people who use Bond 
Street spend more money per head than the people 
who use Eegent Street, but I venture to think that 
the total business done in a given length of Bond 
Street shopping, is very much less than in the same 
length of equaily well-managed Eegent Street shop- 
ping, because in the latter street so many more 
people are able to pass backwards and forwards. 
If this view is correct, then shop-keepers, as well 
as other business men, can afford to pay in their 
ground rents a great part, if not all the cost of the 
wide main avenues necessary for through traffic, 
Public parks, playgrounds, and open spaces, on the 
other hand, should, as far as possible, be situated 
on cheap land— what is technically known as back 
land. It is a lamentable waste of money to use up 
valuable frontage with a park, which would be far 
more pleasant and healthful for those who frequent 
it, if placed as far possible from the noise and 
bustle of the town. These places are required for 
rest and recreation, and therefore it is more 
efficient, as well as more economicalj to put them 
in side streets or at the backs of houses. This 
is specially important in the case of play-grounds 
for little children. A mother of the poorer 
classes has no time to take her babies to the park ; 
they have to fend for themselves, and cannot go 
more than a very short distance from home, nor is 
it safe for them to cross main thoroughfares. One 
of the first essentials to an efficient town plan is to 
have dotted about at very frequent intervals, on 
cheap land, small plots of open ground, where the 
little ones can amuse themselves without being a 
nuisance to others, or in danger themselves, as they 
now are when playing in the streets. The same 
principle applies with equal force to the situation 
of the houses themselves. Under present arrange- 
ments, a considerable item in the rent of small 
houses is the ground rent for the land on which 
they and their back yards stand, and this is due -to 
the fact that poor men live on dear land, whereas 
rich men live on cheap land. The time bas come 
for recognising this unfortunate anomaly, and 
redressing it to the utmost of the power of those 
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responsible for the management of national and 
local affairs. Landoi?in 0 rs who at first opposed 
Town Planning are no^, with very few exceptions, 
strong supporters of the policy, and frequently 
assist in drawing out the plans. They find in the 
long run that Town Planning pays thm^ besides 
benefiting the community. Illustrations must 
assist written explanations, and I am much indebt- 
ed to Dr. Ludwig Heroher for permission to 
reproduce bis ideal town plan. This is an imaginary 
plan (plate 186) arranged to provide for all the 
requirements of town work and town life in a 
complete, harmonious, and economical manner. 
Wide tree-planted avenues are provided for the 
convenience of main traffic, and here are located the 
shops and business premises of those whose com- 
mercial enterprises will be greatly benefited by the 
position of their establishments. Narrower streets 
for ordinary traffic, and again narrower and less 
expensive roads or drives for purely the resi- 
dential quarters of the poorer as wall as of 
the richer classes, so that the weekly rents of 
small houses may not be artificially forced up by 
the interest on the money spent on road making, 
where a narrower roadway with trees and grass on 
either side would be all sufficient for the traffic, and 
infinitely healthier and pleasanter for the residents. 

Parks and small open spaces and playgrounds are 
provided for beforehand, instead of waiting till the 
land required has risen to an impossible price, 
and these lungs are located on back land, not on 
valuable frontage,” 

Widths Of Streets. 

The maximum width usually provided under exist- 
ing bye-laws is 50, 42, 40 or even 36 feet. 
The town-planning experts recommend a width of 72 
feet. In a road of 50 feat width, the usual practice 
is to make the carriage-way 26 feet and the two foot 
paths 8 feet, the total width of the road between 
the building lines being 50 feet, Dide fig. in 
plate 139. In the case of the town-planning road 
which is generally 72 feet wide the carriage-way is 
made 16 feet, the two foot paths on both sides of 
the carriage-way are separated by turfs 5 feet wide. 
The foot paths themselves are each 8 feet wide. The 
remaining space of 30 feet is used as two front 
gardens, each of a width of 15 feet, vide fig. in 
plate 139. 

Houses To The Acre. 

The English bye-laws allow 56 houses to the acre. 
Some experts say that the number should not exceed 
12 and they further add that this number should be 
economically feasible. The arrangement of 56 houses 
to the acre under the bye-laws is illustrated in 
plate 137. Professor Geddes in one of his lectures 
on town-planning apportioned the areas for roads, 


houses, gardens, factories and parks as under: Roads 
12 per cent., houses 6’6 per cent., gardens 64‘8 per 
cent., factories 6'6 per cent, parks, etc., 10 per cent. 
This is of course a theoretical distribution. 

Examples Of Lay-Out. 

The usual lay-out of a parachery in the city of 
Madras before the town had the privilege of hearing 
Professor Geddes and Mr. Lancbester is illustrated 
in plate 147. The plan of house grouping method 
recommended by Professor Geddes is illustrated in 
plate 139. This method is open to varied require- 
ments and possesses the advantage that each group 
or row may be treated individually. In this method, 
of course, roadways become considerably economised 
and gardens enlarged accordingly. A typical plan 
of a lay-out as given in the book “Practical Housing” 
by J. S. Nettlefold is illustratsed in plate 138. in 
plate 140 is illustrated the plan of a lay-out of a 
new extension in a town in the Presidency of Madras 
as proposed by Professor Geddes. In plates 141 
and 142 are given two diagrams, one showing 
an extension with the usual conservancy lanes as 
first proposed by a Local Body which was estimated 
to cost Rs. 23,500 ; and the other diagram illus- 
trates the same proposal as amended by Professor 
Geddes which was estimated to cost Es. 14,250. 
In another case in which the Local Bodies proposed 
to lay out three new straight roads by acquiring 
houses in a built-up area, vide plate 143, at a cost 
of Es. 30,000, Professor Geddes suggested the 
re-alignment of the roads in such a manner as will 
necessitate the pulling down of only kutcha houses, 
vide plate 145, with the result that this area when 
opened up as suggested by Professor Geddes would 
result in its being as shown in plate 144. The cost 
of the revised proposals of Professor Geddes was 
estimated at Es. 5,000. In plate 146 is illustrated 
the lay-out of an extension (a) as first proposed by 
a Local Body, (b) as subsequently revised by a 
Local Body and (c) as finally revised by Professor 
Geddes. The different stages of the improvements 
effected at each revision are shown below : 

Particulars of the extension as first proposed 
by the Local Body. 

Length of Koads ... 3285' ( X 45') 1 . 

Do. Lanes ... 1350' {x 13’) j 

House Sites ... ... 51 

All 51 Plots ... ... 45'X60 

Houses and Gardens ... 3 '16 Acres 

Public Gardens .. ... Nil 

Boads and Lanes ... 379 Acres 
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Parijicalars of extension as revised by the Local 


Length of Roads 

Body, 

2240’ (X40') 

Do. Lanes 


Nil 

House Sites — 

... 

59 

Houses and Gardens 


5 Acres 

2 Public Gardens 

... 

0'8 Acres 

Roads and Lanes 


2 '07 Acres 

Particulars of extension as finally revised 

Professor Geddes. 

Length of Roads 


2100* (X40') 

Do. Lanes 


70'{X10’) 

House Sites 


56 or 55 

28 Small Plots 


46’x60'+ 

22 Large Plots (Average) 


50'x75'+ 

5 Larger Plots Do. 


55'xll0'-f 

Houses and Gardens 


5 '12 Acres 

2 Public Gardens 


1*26 Acres 

Roads and Lanes 


3'65 Acres 

Temple or Hall 


1 


Soils And Strata. 

Generally speaking, soils are classified under 
(1) surface soil and (2) sub-soil Of the latter, there 
is usually an intermediate layer between the sur- 
face soil and the hard underlying stratum below. 
Prom the character of moisture tenacity, the soils 
are classified as (1) pervious soils and (2) impervi- 
ous soils ; the former class is more or less porous 
to water and allows it to pass through, while an 
impervious soil allows no water or practically none 
to penetrate its surface. The usual descriptions of 
the different soils are (1) common earth, (2) clay, 
(3) sand, (4) gravel, (5) disintegrated soft rock and 
(6) rook. In the abowe category of soils, I have 
excluded ‘made soil’ as this is not a natural soil but 
is the product of sweepings and dry rubbish of all 
kinds. From a health point of view, rocks, gravel 
and sand are suitable soils for building on. Eartb 
and clay are generally unhealthy. 

Sites For Healthy Dwellings. 

The question of site for a dwelling house, in 
moat instances, is not one of selection on sanitary 
grounds. From a sanitary point of view, the site 
for a dwelling should possess the following charac- 
teristics: 1. The site should be free from sur- 
face contamination. 2. The surface should have a 
natural slope to permit of easy drainage. 3. The 
soil at site should not be damp and tenacious of 
moisture. 4. The sub-soil water should be as low 
as possible and at a constant level 5. The site 
should not be low-lying compared with its surround- 
ings. The ground air is impure due to the gaseous 
products of decomposition of organic and inorganic 
constituents of the soil The quantity of ground air 


depends upon the character of soil Hard rocks 
contain little or none while porous soils contain from 
30 per cant, to 70 per cent, of air. An impermeable 
basement for bouses is a necessity as it prevents 
the ground air from rising within houses. The 
ground air is in continual movement brought about 
by changes of temperature, by rainfall and by wind 
pressure. In a site where the level of sub- sol! water 
fluctuates greatly, air is displaced when water rises 
in the soil and is sucked in when the sub-soil water 
falls. The ground air is saturated with watery vapour 
in damp soils. Dampness of soil is one of the chief 
causes for a number of diseases such as phthisis, 
rheumatism and malarial fevers. The amount and 
moisture of ground air are influenced by sub-soil 
water. When it is near tr e ground the site is damp. 
When the sub-soil water level falls, outside air 
enters the moist ground favouring decomposition. 
A site where the sub-soil water does not rise to 
more than 15 feet below the surface should be pre- 
ferred. Sites in which the sub-soil water rises to 
about 5 feet below the surface should be condemned. 
The measures adopted to keep the sub-soil water at 
a constant level will be described later on. 

Healthy And Unhealthy Construction. 

The essential points of healthy construction 
are : (a) A site which is clean and dry. (b) Efficient 
protection from the admission of air and moisture 
from the sub-soil into the house, (c) Walls and roofs 
which will effectually keep out wet, and to some 
extent be proof against fluctuations of heat and 
cold, (d) Materials sound in quality and free from 
organic impurities, (e) Booms of suflBcient size for 
habitation, properly lighted and provided with 
suitable means of ventilation. The principal 
sources of unhealthiness in dwellings are : Build- 
ing on made ground, wet sub-soil, damp walls, 
rotten floors, dead vermin, defective drains, low 
ceilings and small windows, polluted water supply, 
foul cisterns, and non-removal of house refuse. Un- 
healthy situations are, generally speaking, those 
which are lowlying especially if on marshy ground 
or if surrounded by large trees. Some situations 
are rendered unhealthy although not naturally so, 
by the construction of cemeteries, refuse destruc- 
tors, burrow pits, etc. Unhealthy soils are clay, 
peat and made earth, especially if the ground water 
level is near the surface. Some are only indirectly 
unhealthy like chalk which makes the water “hard.’ 
Sand and gravel are generally good, but if sub-soil 
water is within 5 feet of the surface, the site will be 
unhealthy. Precautions to be adopted are : Build 
on high ground and if not on top of hill ; divert 
water from higher ground away from site ; drain 
off sub-soil water; remove large trees from immediate 
vicinity ; provide proper ventilation and effective 
water supply and drainage; build damp-proof course 
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in walls ; avoid locations for accumulation of filth 
and dirt ; provide a suitable impermeable floor con- 
sisting of at least 6 inches of concrete plastered 
with cement. 

i Cheap Dwelling House. 

In plate 9 is illustrated the type design No. 109 
issued with proceedings of the Madras Sanitary 
Board, No. 24/S, dated 26th January 1911. The 
specification report which accompanied this design 
was as follows : Estimated cost from Rs. 240 to 
Rs. 380. General ; Each house shall measure 40 
feet in length and 20 feet in breadth inclusive of 
walls. The disposition of rooms, doors and windows 
shall be as shown in the design. 2. Foundations will 
be 3 feet deep in the case of the central wall and 
2 feet in all other eases. The whole of the founda- 
tions will be built with sun-dried brick in clay. If 
random rubble in clay is cheaper than brickwork 
the foundations may be built of the former. 
3. Basement will be 18" high at front and 9" high in 
the rear of sun-dried brick in clay as shown. In 
places where stonework is cheaper than brickwork 
the basement may be built of the former. 4. The 
filling in of the basement shall be with well rammed 
earth. 5. Superstructure will be of sun-dried 
brickwork in clay. la places where stone is cheaper 
than brick the walls may be built of the former. 
6 flooring will be 3" concrete well rammed and plas- 
tered over with cement in the case of kitchen, latrine 
and Washing platform. The other rooms shall be 
floored with clay and cowdung coating after well 
ramming the filling in the basement. 7. Plastering 
will be with clay and cowdung coatings and 
when thoroughly dry shall receive two coats of 
whitewash which should be renewed every year. 
8. Roofing will consist of pan tiles laid over bamboo 
rafters, reapers and matting over ridge piece and 
wall plates. 9. Doors and windows will be batten 
and braced of the cheapest wood such as Karuma- 
rudu. All parts of woodwork which come in con- 
tact with the walls shall be well tarred just before 
erection. 10. Drainage : The surface water in the 
open yard will he carried by an earth drain as shown 
in plan to the main open drain in the conservancy 
lane. The drains from the latrine, washing plat- 
form and kitchen shall be of brick in chnnam 
plastered with cement and shall connect bo the 
open drains in the conservancy lane the junctions 
being slightly curved in direction of flow as shown 
on the plan. 


Abstract Of Quantities For A Cheap Dwelling 
House : Plate 9. 


Quantity. 

Description of work. 

1,334 c ft. 

Earthwork esca-vation. 

861 „ 

Pilling in basement with earth. 

4,104 „ 

Sun-dried bricks in mud. 

3,816 sq. ft, ... 

Plastering with clay and cowdung coat- 
ing. 

3,816 „ 

Whitewashing. 

619 „ 

Flooring with clay and cowdung coating 
well rammed complete. 

171 „ 

Flooring with 3* concrete well rammed 
and plastered over with cement, 

1,541 „ 

Roofing wiih bamboo rafters, matting 
and reepars including pan tiles com- 
plete. 

22 0. ft. ... 

Country woodwork wrought and put up. 

272 fq. ft. ... 

Doors with country wood shutters in- 
cluding fittings complete. 

52 „ ... 

Windows with country wood frames, 
batten shutters including fittings and 
fastenings complete. 

Forming ditch drain, and drains in 
latrine and washing platform, etc., 
complete. 

Sundries. 

Total per block. 

Total per house. 


Compound Walls. 

In plate 96 is illustrated the design for a dwarf 
compound wall. In plates 97 and 98 is illustrated 
the type design No. 89 for compound walls in 
different materials issued with proceedings of the 
Madras Sanitary Board, No. 145-S., dated 1st May, 
1901. No specification report accompanied this 
design. The different classes of materials adopted for 
the compound walls shown in these two plates will 
be found detailed in the abstract of quantities. 


Abstract Of Quantities For Compound 
Walls : Plates 97 And 98. 


Quantity. 

Description of work. 

30o. ft. ... 

Design No, 1 (a). 

Excavation. 

2 „ 

Filling in with earth, 

23 „ 

Concrete in chunam. 

46 „ 

Brick in mud, 


Brick in chunam. 

r06sqrs. ... 

Plastering with chunam 

Contingencies. 

30o. ft. ... 

Design No. 1 (6). 

Excavation. 

3 „ «. 

Filling in with earth. 

23 ,, 

Concrete in chunam. 

46 „ 

Brickwork in chunam, 

1*06 sqrs. ... 

Plastering with chunam. 

Contingencies. 
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Quantity. 

Description of work. 


Design No. 2 (a). ; 

40 c. ft. ... 

Earthwork eicavation. 

3 „ ... 

Pilling in with earth. ; 

33 

Concrete in chunam. ■ 

68 „ 

Rough stone in mud. i 

10 „ 

Rough stone in chunam, 

‘95 sqrs. 

Pointing with chunam. 

•23 „ 

Plastering with chunam. 

... 

Contingencies. I 


Design No. 2 (6). 

40 c. ft. ... 

Excavation. , 

3 „ 

Pilling in with earth. ; 

38 „ 

Rough stone in chunam. 

60 „ 

Rough stone in mud. 

3 „ 

Concrete in chunam. 

20 sq. ft. ... 

Slab stone thick). 

r02 sqrs. ... 

Pointing with ehunam, 

... 

Contingencies. 


Design No. 3. 

40o. ft. ... 

Excavation. 

3 M 

Pilling in with earth. 

30 „ 

Concrete in chunam. 

60 „ 

Laterite stone in chunam. 

'86 sqrs. ... 

Pointing with chunam. 

... 

Contingencies. 


Qaantity, Description of work. 



Design No. 4 (a). 

20 c, ft. 

Excavation. 

95 „ 

Mud walling. 

*75 sqrs. ... 

Whitewashing over mud plaster. 

-30 „ ... 

Coping with country tiles bedded in 
chunam. 

Contingencies. 


Design No. 4 (6). 

20 c. ft, ... 

Excavation. 

96 „ 

Mud walling. 

'75 sqrs. ... 

Whitewashing over mud plaster. 

20r.ft. ... 

Coping with Mangalore tiles bedded in 


chunam. 

10 „ 

Ridge tiles. 

Contingencies. 


Gate with Pillars. 

24rC.{t. ...• 

Excavation. ' 

2 „ ...' 

Pilling in with earth. 

19 „ 

Concrete in chunam. 

38 „ 

Brick in chunam. 

*91 sqrs. ... 

Plastering with cement including cornice. 

2-4 c. ft. ... 

Teakwood. wrought and put up. 

19‘61b. 

Iron work. 

1 No. ... 

Hinge at top of frame with bolt and eye 


piece complete. 

1 „ 

Iron pin at bottom of frame for moving 

l|o. ft. ... 

gate with ring (or post. 

; Cutstone work. 


i Contingencies. 



BUILDINGS: DETAILS OE NIGHTSOIL DEPOTS * AND A KNOWLEDGE 
OP METHOD OP TRENCHING, COVERING, ETC. 


Ideal Conditions. 

Id this PresideDcy, fche excreta collected in carts 
from public and private latrines are usually conveyed 
to a plot of land and there buried in trenches. The 
site where the night-soil is buried is called a ‘ Night- 
Soil Depot’ or a ‘TrenohiDg Ground.’ The method 
of disposal of excreta in this manner is called 
‘ trenching.’ In the first place, it would be as 
well that we understand the rationale of this sys- 
tem of disposal of excreta from a town population. 
The ^imary obj ect is ^ convert tb ejta fi as far a s 
posMEbVs manmT'br It JflfliU forplSisTUChe 

CQpapl^ £^ntT 75 g^ organic mateFoTTEFgigy- 
soil is converlejTnto^lTmpir^itrat^^ 
in^oiTbT^heTctmdfa^ss of bacteria which are 
found in the soil and known as nitrifying bacteria. 
This process is effectual only wbePoxviSlsPIen^ ' 
fu l and ^bis is^so in the upper layers of j ha.jiQil 

I soil s hould b e light, fertile, sand y, loam. 2. The 
I dpensionWo ri ^^ X 12.'’, 

37 The jeptlTornigbtsoir^mpedHp^ 
shduTdPrS^ 4W rb6rSmairuDg depETpTQ^ offcEe. 

trehcOEould be fill ed with earth removed from 
tbrirener~aIterPeSji^^ as .jfip elv as 

p'ossiBfe — *space between each trench from 
cen®^o cent s s¥ouH~'Wloi^^ six jnches. 
GiTIFe'inedTinlirenobes should be left un disturbe d 
for a minimum periodorTB*''montEii 7 . On the 


assumptidnlihat all the above conditions are com- 

pliSwitW* 

pfovided^iouHW^^ for every 

250V*6dH6rAsitirTmpo8SiW1bPHain^ 
coSMoSF'described above, the usual procedure 
may now be described. 


longer lengths than this are not recommended for 
the reason that difficulty will be felt in filling the 
trenches. The space between trenches should be 
as a minimum two feat. The usual depth to which 
the trench should be filled with night-soil may be 
taken as i or J of the total depth. As regards 
breadth, the usual breadth is 18". The filling of 
the trench with night-soil is done only to J or J 
of the depth of the trench. The trench should be 
filled up with earth such that the night-soil is being 
broken up as fine as possible by the operation of 
filling and that there is sufficient depth of covering 
of earth soil so that there is no nuisance by the 
night-soil coming up to the surface as night-soil 
swells up usually. A minimum depth of 9" of 
sand is necessary for covering the night-soil. Dor a 


treated on land and every endeavour should be made 
to avoid the storm water drainage passing into 
running streams or rivers. No trenching ground 
should be placed near the banks of streams. A 
tope of bamboo trees or such other rapid growing 
trees or mango trees intervening the trenching 
ground and the town would be very advantageous. 
I A light fertile s a ndy loam is the best . 
soil is~fcbe next best BlacFcott^ soi _ 

‘ trenching as long as the soil is dry and when wet it 
becomes a sticky mud. Stiff clay is most unsuit- 
able. Black cotton soil is good for this reason as 
the night-soil is rapidly deodorised by the easily 
powdered and very absorbent dry black cotton soil. 
The usual area to be provided for a trenching ground 



minimum distance of 2 furlon gsjhgra jhould p.e 

nPdwdlmgPmlsesr^^ better . The 

t reDciriDg~giuuDTshugtgi)H^^ p ossible 

awa ^rornTbUprevalirng wTo dsT The surface fiow 
fromTsuch trenching grounds should be carefully 


Usual Practice required for a population for a period 

of 3 years without using any part of the land 
The ground is arranged as shown in fig. 1, plate twice in the period. A trenching ground therefore 
222. The depth of the trenches should not be should be of this area as a minimum. The quantity , 
less than 12" and not more than 18". In some of exc ^a from an Indian town nopulation has been 
places it has been the practice to make the depth ~ foundnb^xperimeDts in Madras to be Dlfi, cubic 
of the trench as little as 6" with the object of "^557~ 5^bages. turn i ps, tobacco so eul- 

keeping the night-soil as near the surface as t ivated and Bengal iute also. In a trenching ground 
possible. Theoretically, this method is very good a' well is to be dug for thepurpose of washing the 
but in practice it will be found that by the action buckets, carts, etc., and also fori rngation PM oses. 
of the hot Indian sun and high winds, there is sure The method of working the trenches is to keep 
to be caused a very infective dust from such plenty of new trenches in hand sufficient for 3 days’ 
grounds ; another disadvantage in shallow trenching use ; for it is usual with these trench diggers to be 
is that a large number of trenches will be required, absent without notice because of a religious 
The length of the trench should be 20' to 30' and festival when these men do not work but are also 
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usually drank. The man in charge of these tren- 
ches should see tbati as soon as the carts discharge 
their load of night-soil in the trenches the excreta 
is covered up with earth. The primary object of 
trenching excreta is frustrated if the trenches filled 
in with night-soil are left expose d for a large number 
of hours without being filled in with earth. Every 


thing which causes delay to the cartmen on the 
trenching ground should be seen to and avoided ; 
e.{7., night-soil carts should be made to tip their 
contents into separate trenches so that one cart 
does not interfere with the working of another cart 
but permits of the filling in of the several trenches 
at the same time^ 



WATEE SUPPLY: INTEODUCTION. 


Past Progress in Madras Presidency. 

I canno!: do bate than quota the following ex- 
tracts from a paper read by Mr. Hutton before the 
1911 ' All-India Sanitary Oonference ’ at Bombay : 
“The number of inhabitants in the Madras Presi- 
dency, according to the latest census taken in 1911, 
is given as 11,401,839. This number may for all 
practical purposes be divided into three principal 
parts or divisions : The North-east or Telugu part, 
population 16,000,000. The South or Tamil part, 
population 21,000,000, and The West or Mala- 
yalam and Ganarese part, population 4,000,000. 
Of these three divisions the most progressive in the 
way of sanitary reform and in the provision of 
water supply and drainage works is the South or 
Tamil followed by the Telugu* speaking part in the 
north-east. The West or Malayalam and Ganarese 
part is at present backward in the advancement of 
sanitary measures, the apparent reason being the 
heavy annual rainfall which ensures generally 
sufficient water supply from wells while at the 
same time the road-side drains, backyards, and 
streets are periodically flushed and cleansed. The 
area of the Presidency is given as 1,41,705 
square miles of which 78,000 square miles may 
be allotted to the North-east or Telugu part, 
53,000 square miles to the South or Tamil part 
and 10,000 square miles West or Malayalam 
and Ganarese part. The number of municipalities 
in the Presidency is 61 excluding the Corporation 
of Madras and in addition there is a large number 
of unions or large villages subordinated to the Taluk 
and District Boards. These unions, with the help 
of the District Boards, are now coming forward with 
requests for water supply and drainage works 
thus following the example of the municipalities. 
Proposals for drawing up water supply and drain- 
age schemes are usually first suggested by the 
Sanitary Commissioner during his inspection of 
towns, and occasionally by the Sanitary Engineer 
or the Local Bodies themselves. Owing to the 
progress made in educating the Local Bodies to the 
necessity for water supply and drainage works and 
to encouragement given to such proposals by the 
last two Governors of Madras, Lord Ampthill and 
Sir Arthur Lawley, and also to the generous 
financial assistance offered by the Madras Govern- 
ment the number of such proposals has steadily 
increased until the Sanitary Engineer has now 53 
schemes on his programme to be investigated and 
drawn up in detail as soon as possible* The in- 
crease in the number of water supply » and drainage 


proposals has rendered necessary an increase in 
the Sanitary Engineer’s staff which now consists 
of myself, four Assistant Sanitary Engineers, one 
personal assistant, twelve surveyors and twenty- 
seven members of the drawing office. The investi- 
gation and drawing up of schemes for water supply 
and drainage works is solely undertaken in the 
Madras Presidency by the Sanitary Engineer with 
the exception of those for the City of Madras which 
Corporation maintains its own engineering staff. 
The introduction of water supply and drainage 
works in the Presidency outside the City of Madras 
may be said to have started with the appointment of 
a Sanitary Engineer to Government in January 
1890. The first progress made was in the introduc- 
tion of the earlier water supply works. Drainage 
works were not carried out at first, the Sanitary 
Engineer’s time and funds available being concen- 
trated on the provision of water supplies. It was 
found that Municipal Councils were unable to 
arrange for the introduction of both water supply and 
drainage works and consequently the latter works 
were deferred and the old earthen side drains and 
badly laid masonry ones were called on to serve the 
impossible duty of dealing with the spill water from 
public fountains and the increased sullage discharge 
from house drains due to the augmented supply 
brought by the water mains and house connections. 
The result was stagnation of sullage water in these 
drains and encouragement to the propagation of 
mosquitoes. Various attempts were made to deal 
with the spill water from fountains and lately the 
provision of filter trenches of special design and 
what is called filter wells have been stated by one 
Council to have satisfactorily disposed of the nui- 
sance. Plans of these filter trenches and filter 
wells are shown in plates 179 and 180. Despite the 
disadvantage due to difficulties in disposal of, or 
want of disposal of increased quantities of sullage, 
there is no intention to defer the introduction of 
piped water supplies in mufassal towns where the 
introduction of a drainage work simultaneously is 
still financially impossible. It is considered that 
the resulting improvement in health to the 
inhabitants of a town by the introduction of a pro- 
tected and pipe water supply far outweighs the 
disadvantages resulting therefrom by the absence 
of efficient drainage arrangements. Thanks mainly 
to the high average temperature and the absence of 
rain for the greater part of a year, the soil at the 
roadside drains is more porous than it would other- 
wise be and the makeshift arrangements for disposal 
of spill water at fountains and the provision of' 
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cesspools, more or less imperYioas, for house sullage, 
minimise the evil results from the absence of good 
drains. In the Sanitary Commissioner’s administ-ra- 
Mon report, for 1910 the health statistics amongst 
others, of 12 towns possessing protected water 
supplies were given and Government in reviewing 
this report remarked as follows; “The bearing 
which water supply has on the prevalence of cholera 
is illustrated by the statistics embodied in statement 
XIII appended to the Sanitary Commissioner’s 
report, from which it appears that, in the twelve 
towns where an improved system of water supply 
has been in force for more than five years, the 
average mortality from this causa was 5'8 per cent, 
of the total mortality during the quinquennium end- 
ing with 1910 as against 19*8 per cent, for the five 
years immediately preceding the date of the intro- 
duction, It may be added that under fevers there 
was a simultaneous and not less marked improve- 
ment from 25 to 16*5 per cant.” As none of these 
towns possess modern drainage works the gain to 
the health of a town by the provision of a protected 
water supply scheme, even when unaccompanied 
by a drainage scheme, is considerable and this fact 
should be remembered by those who think that, 
because a town cannot afford to construct simul- 
taneously both water supply and drainage works, 
the former should not be introduced in advance of 
the latter. It may be taken as the accepted policy 
in the Madras Presidency that the provision of a 
piped water supply in mufassal towns is approved 
prior to the introduction of a drainage scheme. 
While the necessity for the provision of a drain- 
age schema is recognised this drainage scheme is 
deferred owing solely to the want of funds. It 
seems to me that, with funds limited, the provision 
of a piped water supply is of first importance. 
Local supplies from wells, tanks and rivers in the 
vicinity of towns are without exception contami- 
nated and the consumption of water from con- 
taminated areas affects more directly and quickly the 


health of the people, than the stagnation of Milage 
however bad it may be. Under, the Madras District 
Municipalities Act, the maximum tax that can be 
enforced for water supply and drainage purpose, is 
8 per cent. The income of an ordinary mufassal 
municipality of 30,000 inhabitants in the Madras 
Presidency from this 8 per cent, tax can be taken' 
as Es. 14,000 to Es. 15,000 which represents an 
available provision of capital if borrowed at 4 per 
cent, renayable in 80 years, of 2-J lakhs of rupees, 
Assuming for simplicity that the working expenses 
of a suitable water supply scheme are paid from 
the general revenues of the municipality this sum of 
2j lakhs is all that is available from municipal 
funds for the provision of water supply and drainage 
works. As the cost of a water supply scheme, in- 
volving pumping by suitable pumping plant, may 
be taken as from 3 to 4 lakhs of rupees for an 
average municipality of 30,000 inhabitants it will 
be noticed that without assistance from outside 
sources such a municipality is unable to carry out 
either water supply or drainage schemes and cer- 
tainly not both. 0 wing to the generous encourage- 
ment and financial assistance of Government and in 
certain cases of private individuals, notably the 
Maharanee Appalakonda Yamba of Yizianagram, 
the Mahaofc of Tirupati and the Hon’ble Mr. S, E. 
M. Eamaswami Ohettiar of Chidambaram, a fair 
number of towns in the Madras Presidency now 
possess piped water supplies. Certain of these 
towns owing to rising revenue, an increasing in- 
terest in sanitary matters, and the desire to con- 
struct drains and thus remove the nuisance caused 
by the additional discharge of sullage into earthen 
side drains or cesspools, have now resolved to con- 
struct drainage works on modern lines. The num- 
ber of water supply schemes carried out in mufassal 
towns in the last 21 years in the Madras Presidency, 
practically since the appointment of a Sanitary 
Engineer was sanctioned, is 25 excluding the City 
of Madras. A list of these schemas is given below,” 
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lew Proposals. 

Water is an article of first necessity to ail of ns. 
Without pure water, there cannot be health. The 
demand for water is (A) for the personal use of 
individuals for (1) cooking, (2) fluid drinks (water, 
coffee, tea, etc.), (3) ablution, (4) washing of utensils, 
(o] washing of house floors, (6) flushing latrines, (7) 
floshing house drains, (8) washing clothes ; (B) for 
the use of the Local Bodies for (1) cleansing of the 
streets, (2) flushing drains and sewers, (3) flushing 
public latrines, slaughter houses, C4) public baths, 
(5) road forming, etc ; (0) for the use of public 
institutions, such as Railway Stations, Hospitals, 
Schools, Colleges, Hostels, Dhobykhanas, etc.; (D) 
for manufacturing purposes ; and (E) for construc- 
tion of new bouses and for repairs of old houses. 
The population of this Presidency as per 1911 
census is distributed as follows: 1. 3 Cities 
with a population of 100,000 and over, 7,72.809 ; 
II. 8 Cities with a population between 50,000 
to 100,000, 4,80,385 ; III. 3 Municipalities and 6 
Local Boards with a population of between 20,000 
. to 50,000 ; 1,208,099 ; IV. 14 Municipalities and 106 
Local Boards with a population of between 10,000 
and 20,000, 1,647,246 ; V. 4 Municipalities and 404 
villages with a population of between 5,000 to 

10.000, 2,680,722 ; VI. one Municipality and 3,717 
villages with a population of between 2,000 to 

5.000, 10,671,268; VIL 7,947 villages with a 
population of between 1,000 to 2,000, 11,087,248 ; 
VIIL 10,131 villages with a population of be- 
tween 500 and 1,000, 7,285,082; IX. 31,741 villages 
with a population of under 500, 5,530,787 ; floating 
population, 42,264 ; total 41,405,404. The water 
supply of the City of Madras commands the 
services of specially trained and experienced 
Sanitary and Engineering authorities. In the 
case of the 61 Mufassal Municipal towns, 25 towns 
possess protected water supplies. The water 
supply of Mufassal towns has the first claim 
on the attention of the Sanitary and Engineering 
authorities. The introduction of public water 
supplies ou approved sanitary principles is beset 
with (1) financial difficulties, (2) location and pre- 
sent condition of villages, (3) ignorance of sanikry 
principles and (4) want of matured proposals. Even 
assuming that well thought-out and matured pro- 
posals are available, the amount of funds required 
to carry out protective water works in this Presi- 
dency on a rough basis of Es, 10 per head would 
be 4,140'5 lakhs; deduct amount already spent 
on water works, say, 140*5 lakhs ; leaving 4,000 
lakhs of Eupees as requirements for water works 
in this Presidency. The amount required, viz., 
4,000 lakhs, it will be admitted, cannot imme- 
diately be found. Even granting that the whole 
possible requirement of 4,000 lakhs for initial cost 
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is found, fihere is liba furiihar sum required (;o main- 
tain the water works which may be taken as, say, 
810 5 lakhs annually, from the above, it will at 
once be seen that we should improve our water 
supplies as funds become available. The benign 
Government gives large free grants year after 
year and loans to Local Bodies towards sanitary 
projects. The amounts thus made available 
supplemented with such small amounts as may 
be available in the financial resources of Local 
Bodies swell to a considerably large amount, say 
as much as 40 or 50 lakhs every year. As 
regards location and present condition of villages, 
the following extract from the 1911 Oansus report 
by Mr. J. Chartres Molony, I.O.S., will be found 
interesting. “ The vast majority of the population 
enumerated live in villages; and the village of 
Southern India bears little resemblance to the 
mental picture suggested by the word in its Euro- 
pean sense. ‘Instead of orderly rows of fairly sub- 
stantial houses fronting some well used thorough- 
fare, the incipient statistician finds a bewildering 
medley of cottages, leaf huts, cow-sheds and straw 
yards arranged on no apparent plan and often lying 
hidden in a grove or isolated in a swamp, miles 
distant from any public highway. At the first 
glance, it would seem wall nigh impossible to 
account even for the villages of the Presidency, 
without seeking further to ascertain the number of 
houses in each such village, and that of the inhabi- 
tants in each house. The problem, however, 
becomes simplified by a consideration of already 
existing administrative divisions, The Presidency 
is divided into districts, each district into divi- 
sions, each division into taluks, each taluk into 
firkas. If a firka contains on an average some 25 
to 30 villages, the formidable total resolves already 
into defined units of not unmanageable size. Eurther 
more, if be essays himself to draw up the house list 
of a village the bewildered Superintendent gathers 


comfort from a gradually observed fact. If to him 
the ordinary village is merely a planless maze of 
blind alleys and crooked lanes, to tbe Karnam, who 
has lived there all or most of his life, this tangled 
skein presents no particular difficulty. Whether 
he actually perambulates tbe vjllage or casts up an 
account in the reflective ease of his verandah, 
it does not take him very long to set down the 
tale of houses and chief occupant of each.” 
As regards the ignorance of the masses, it must 
be admitted that they are ignorant and you are 
expected to educate the masses in sanitary matters. 
As regards the want of matured proposals, the 
Government Sanitary Engineer and the local staff of 
Sanitary Inspectors and Overseers are the agencies 
to reduce this defect little by little. Schemes of 
water supply may be classed under two classes, 
vk., (1) major schemes costing over Es. 10,000, and 
(2) minor schemes costing Es. 10,000 and below. 
The major water supply schemes have to be designed 
by the Government Sanitary Engineer. With the 
financial facilities most benevolently .afforded by 
Government for Local Bodies year after year, 
considerable progress in improvements to water 
supply might be looked for. The want of well 
thought-out and matured proposals is the chief 
obstacle for progress in this direction, There 
is no doubt that this defect can be remedied 
to a large exiieut by the sanitary and engineer- 
ing staff of Local Bodies. In the first place, I 
want to emphasise the fact that proposals for 
water supply should satisfy the following require- 
ments : (1) evidences of the necessity for an 
improved water supply should be satisfactory, (2) 
efficiency from sanitary and engineering stand 
points should be reasonably expected, (3) avoidance 
of luxury and benefiting equally the rich and poor 
are necessary ; and (4) proposals should be complete 
with regard to plans, estimates, specifications and 
report. 
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Pumping InstallatioHS For Yillage 
Water Supplies. 

In plates 163 to 166 is illustrafed the method 
which was adopted for supplyicg a portion of Salem 
vfith water from a small pumping installation and 
masonry cistern. The Government of Madras con- 
sidered the works as suitable for small supplies and 
circulated the plans and estimates with report for 
information of Local Bodies. The installation is thus 
described in Mr. Hutton’s report “ The work com- 
prises the following, (a) deepening the spring to a 
further depth of 5‘89 feet in the Arisipaliem tank 
to afford an additional. supply of water ; (b) install- 
ing a 7i B. H. P. Engine and 3" centrifugal pump 
with necessary suction and delivery pipes ; ic) con- 
structing an engine house ; [d) constructing a mas- 
onry tank with 20 taps. A portion of the town of 
Salem depends for its supply of water on this tank 
and during the hot weather the water in the tank 
was available in small quantities and at a depth of 
some 27 feet below ground level. People drew their 
supply of water by entering into the water by a flight 
of 27 steps and of a vertical height of 27 feet and 
thus contaminated the small quantity of water 
available in the deep pits of the tank. In plate 163 
is shown the position of the tank and the sites of 
the works executed. To prevent the inconvenience 
of the people descending and ascending a large 
number of steps and getting into the tank to with- 
draw their supply and thus contaminate the water 
in the tank, a service reservoir has been built above 
ground level into which the water is pumped by an 
oil engine and pump. The service reservoir has 
been fitted with 20 taps. In order to increase the 
yield from the pit in the tank, it has been deepened 
an additional depth of 5'89 feet {vide plate 164). 
It may here be stated that as at this depth the 
natural hard rock has been met with, there is no 
use in deepening it any further. The yield -from 
this spring has been tested after deepening and 
found to be 34,650 gallons per day. If an addi- 
tional supply of water is considered necessary then 
the pit for the whole area may also be deepened 
to the bottom level of the spring now deepened. 
But I think actual measurement of the quantity 
available shows that a proposal to supply 2 or 3 
hundred thousand gallons to Salem from one 
well located at Salem is vary considerably exagge- 
rated. Plate 164 shows also the suction and deli- 
very pipes as laid. The engine installed is a 7i 


B. H. P. Hornsby’s oil engine, this being the 
only size available and the pump erected is a 
Gwynne’s 3“ centrifugal pump. The installation 
has been tested and is found to fill the reservoir 
(capacity above draw-off level 5,775 gallons) in 
about 25 minutes or 5,775/25 or 231 gallons per 
minute. The minimum lilt is 31 feet and the 
maximum is 40 feet. The plan of the engine bouse 
is shown in plate 165. The service reservoir 
shewn in plate 166 has a total capacity of 6,412 
gallons and above draw-off level its capacity is 
5,775 gallons. The reservoir is fitted with 20 
taps. The reservoir has been built in Municipal 
land and there was therefore no necessity for 
acquiring any land for the purpose. The cost 
of the works as executed amounts to Es. 5,000. 
As the spring had essentially to be deepened and 
as the plant and pipe fittings had to. be purchased 
locally from immediately available stock and as the 
work had to be executed urgently to afford immediate 
relief the first estimate of the work has been exceed- 
ed by Es. 1.400. The only requirement to complete 
the arrangement is the provision of a second 
pump with suction and delivery pipes. During the 
monsoon periods, the pump now erected will, it 
is expected, be submerged as M.W.L. of the tank is 
77'92 and the platform level of the pump at present 
is 66'99. To enable this second pump being fitted 
at any time, the masonry of the pump has been 
raised to 6"' above M.WH. The cost of the second 
pump with suction and delivery pipes including 
erection will be Es. 600. (This pump has since 
been erected). The annual cost of maintenance 
will be as follows : Bulk Eussian oil for 7i B.H.P. 
engine at one pint per B.H.P. per hour, for 4 hours 
daily pumping at As. 8 a gallon, 7|x4xjx|x 
365, Ep. 685 ; lubricating oil, waste and sundries, 
Es. 60 ; one driver at Es 12. Es. 144 ; one cooly, 
at Es. 6, Es. 60 ; and repairs and sundries, Es. 101 ; 
total Es, 1,050. I take this opportunity of point- 
ing out that for several years back, Colonel King 
has been recommending similar installation to 
avoid the pollution caused by the use of step wells. 
The present installation is believed to be the first 
one executed and other Municipalities might be 
disposed to go in for similar schemes on the ex- 
perience of Salem.” 

Gudiyattam Water Works. 

Gudiyattam is a town in the district of North 
Arcot with a population of 23, 390 (as per 1911 
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eeDSua), This town lies S miles north of the Palar 
and about the same distance from iihe Eailway 
Station. It is divided into two main portions by 
the Koundinia river. Koundinia river is one of the 
various small rivers which rise in the Hills and flow 
southwards into the Palar. The town is now pro- 
vided with a protected water supply comprising 
(1) an infiltration gallery, 200 feet long, constructed 
in tie Koundinia river at a point about 3, 700 feet 
from the nearest point in the main portion of the 
town ; (2) a pump house located on the left bank 
of the river immediately adjoining the infiltration 
gallery and installed with two Hornsby’s oil 
Engines and two Worthington Deane triple plunger 
double acting power pumps; (3) an 8" pumping 
main of cast iron 3, 700 feet long from the pumping 
station to the service reservoir; (4) an elevated 
masonry reservoir capable of holding one seventh 
of a day’s supply and (5) distribution pipes, sluice 
valves and fountains. The scheme was designed 
by Mr. W. Hutton, Sanitary Engineer to the 
Government of Madras in August 1904, and sanc- 
tioned by Government in August 1905. The works 
were completed and brought into operation in 1908. 
Owing to the severity of cholera cases in the town, 
year after year, the need for a protected water- 
supply for this town was pointed out by the Sani- 
tary Commissioner for Madras as early as 1895. 
Owing to- want of funds and other causes, the 
scheme became an accomplished reality in 1908. 
The present supply is obtained from the underflow 
in the bed of the Koundinia river and is drawn 
from an infiltration gallery of the design shewn in 
plate 173. At the point selected for the gallery the 
river is 590 feet broad and the depth of sand in the 
bed of the river at this point is 19 feet. The popu- 
lation of Gudiyattam as per last censuses was 
as follows: 1871 census, 10,804; 1881 census, 
10,641 ; 1891 census, 18,747 ; 1901 census, 21,335 ; 
1911 census, 23,390. The scheme now in opera- 
tion was designed for a population of 25,000. The 
rate of supply per head per day was taken at 6 
gallons as this quantity was considered as the 
minimum likely to serve sanitary ends and the 
maximum that financial considerations permitted. 
The daily supply provided for in the scheme is 
therefore 25,000 x 6 or 1,50.000 gallons. The rate 
of draw-ofl for town consumption purposes was 
1,60,000 

fixed at "i2)^ or 209 gallons per minute. The 

town distribution pipes are calculated to be of sizes 
capable of supplying the daily quantity in 12 
hours or one half the daily quantity in 6 hours. 
Pumping takes place only during 16 hours each day 
in two shifts of 8 hours each. The quantity raised 

by the pumping plant per minute is ~ 158 

gallons. The length of the gallery is 200 feet long 


and consists of two rows of 6 inch stoneware pipes 
laid 8 feet below lowest summer water level The 
gallery is of section shewn in plate 173. The water 
after passing through the gallery arrives at a collect- 
ing well From the collecting well a 12" east iron 
pipe, 10 feet long conveys the water to a suction 
well whence it is pumped into the elevated reservoir 
located in the town. The pump bouse is shewn in 
plate 173 and consists of masonry foundations and 
basement and corrugated iron superstructure and 
roof. There are two units at this station so that 
one unit will always be in reserve. Each unit is 
designed for the work as under : Maximum water- 
level in elevated reservoir, 66‘25 , vide plate 176 ; 
lowest draw-off level at suction well, wde-plate 173, 
21'32 ; static hea,d = 44’93 ; frictional head required 
in 8" pumping main, 3,700 feet long with gradient 

j^qq= 4'07 ; total lift for pumps =49 feet ; gallons 
to be raised per minute as stated above =158. Pump 
horse power = =24 P.H.P. Taking 

efidciency as, say, 45perceDt.B.H.P.=^-^~^=5'4, 

add 20 per cent, for slip of belt, etc. = 11 ; total 
B. H. P. = 6‘5. Two Hornsby oil engines of 6| 
B. H. P. each with two Worthington Deane triple 
plunger double acting power pumps are provided. 
One set of engine and pump is always in reserve. 
The pumping main from the pumping station to the 
service reservoir is 3,700 feet lorg. It is 8 inches 
in diameter and discharges the required quantity of 
158 gallons per minute with a hydraulic gradient 
of 11 in 10,000. The site of the reservoir is shewn 
in plate 174. The reservoir design is shown in 
plates 175, 176 ard 177. It is an elevated tank 
built of masonry. It is capable of holding 21,328 
gallons or fth of a day’s supply. Plate 172 shows 
the distribution pipes as laid in the first instance. 
The system has now been extended to supply the 
portion of the town south of the river. The actual 
cost of the works amount to Es. 81,000 or Es. 3'3 
per head. The actual maintenance charges amount 
on an average to Es. 1,868 per annum. 

Water Supply Works Is Constructed For I 

Rural Town In The Presidency Of Madras : 
Plates 167 To 170. 

Dharmavaram is a small Union in the Anantapur 
District of the Madras Presidency. The water 
works of this town were designed and executed by 
Mr, Y. S. Gnanaprakasam and his report of this 
scheme was as follows: 1. The additions and 
improvements to the dispensary well consist of the 
following works : (a) Deepening the well to an addi- 
tional depth of 12i ft. (b) Increasing the supply and 
capacity of the well by constructing four radiat- 
ing adits in the form of a covered trench, Three 
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adits are to be 20 feet long each. The fourth adit will 
be 35i feet long extending beyond the dispensary 
compound wall. The end of this fourth adit is to 
be used as suction well for pumps, (c) Gonstrue- 
tion of a combined elevated tank and engine house 
with wire fencing, id) A distribution system con- 
sisting of 4 double tap and 2 single tap fountains 
with necessary sluice, scour and air valves and 
capable of delivering the full supply of drink- 
ing water to the Petta or the northern part of 
the town including the bazaar. 2. The supply 
and capacity of the well will be increased when 
the improvements are carried out. This increase in 
capacity is necessary as it is only a percolation 
well. The fluctuations of water levels in wells at 
Dharmavaram vary as much as 18 feet between the 
highest water level in rainy season and lowest water 
level in summer. These fluctuations are propor- 
tional to the rise and fall of water in Dharmavaram 
irrigation tank. The particulars of the capacity of 
the existing dispensary well and the increase due 
to improvements referred to above are shown below : 


Items for 
oompariscn. 

Capacity of 
tbe well at its 
present state 

Capacity of the 
well after it is 
improved. 

Increase. 

. 

O.ft, Gallons'. 

C. ft. Gallons. 

O.ft. Gallons. 

At highest 
water level in 
rainy season. 

At lowest 

water level in 
summer. 

1630 10,186 

216 1,360' 

17,805 105,787 

7,032 43,948 

1,546 96,601 

6,816 42,598 


As tbe sub-soil is disintegrated gneiss or soft rock 
the adits will have vertical edge and shall be covered 
by granite slabstones as shown in plate 169. 

3. The population of Dharmavaram Town is as 
follows : 


As per census of 1871 

... 7029 

1881 

... 5916 

,. 1891 

... 6836 

1901 

... 10658 

1911 

... 7386 


The fluctuations or sudden decreases in popula- 
tion are due to the great famine of 1876-1878 and 
cholera in subsequent years. The dispensary well 
is expected, to supply the estimated ultimate popula- 
tion of 5000 residing in the northern portion of the 
town called Petta after tbe additions and improve- 
ments provided in the estimate are carried out. In 
case the well is found to have a copious Supply in 
excess of- the requirements of the population of 
Petta, the distribution system may be extended to 
the other portions of the town at a moderate cost 
after duplicating the engines and pumps. 4. Engines 
1 ? 


and Pumps : Tbe calculations made for the 
engines and pumps are as follow : 

Ultimate population of Petta cr the northera 

portion o! Dharmavaram town ... 5000 

Bate of drinking water sQpply provided is 8 gal- 
lons per head per day. Total supply tepired 
per day ...40,000 gallons 

Hours of pumping ... li 

Quantity of water to be pumped per minute in 
11 hours ... Slgaloni 

Level of the foot valve in suction pipe ... 59*24 

Level of delivery in the elevated tank ... 128*50 

Static lift ... 62*26 
Add for friction in bends and pipes ... 6 ‘74 

Total head ... 76 feet. 

T> TT -D ’ J 61 X76 X 10 „ . 

P.H.P. requ!rea= — - J 

B.H.P. for 50 percent. effioienoy=*——^^^=2'96. 

Nearest market size available = 3i B.H.P. 

Oil engines being economical, it is proposed to 
use Hornsby or Crossby’s oil engines. The 
lowest summer water level falls very low as 
stated above. Therefore it is found necessary 
to place the pumps 18 feet below the ground 
level in a pump pit as shown in plate 169. 
Under these circumstances it is proposed to 
use Worthington’s Single Cylinder double act- 
ing deep well geared pumps capable of pumping 
100 gallons per minute assuming 60 per cent, for 
efficiency. Accommodation is provided in the engine 
house for 2 sets of engines and pumps but it is pro- 
posed to fit up only one set of engine and pump to 
commence with until the Dharmavaram Union is 
able to maintain two sets, and use the full supply 
of water. 5. Tbe combined elevated tanks and 
engine house are situated outside the compound of 
the Dispensary as shown in plates 167 and 168. 
The details of the tank and the engine house 
are shown in plate 169. The type of stone 
masonry to be used for this work will be simi- 
lar to that used in tbe Government buildings con- 
structed at Dharmavaram. The covered wrought 
iron tanks provided in the plans and estimates are 
of the ordinary Bailway pattern. They are four 
in number measuring 8' X 8' x i' each. The total 
capacity of these four tanks is 6,400 gallons or little 
less than one- sixth part of the total ultimate daily 
supply provided. This storage capacity is considered 
sufficient to meet the requirements of the popu- 
lation ‘-of Petta with pumping for 11 hours. 
6. The distribution system consists of 4" cast iron 
pipes, 99 feet long, and 3'", W and 2" wrought iron 
pipes, 2,600 feet long, together with 4 double tap 
fountains, 2 single tap fountains, sluice valve, 
1 air valve and 1 scour valve. It is capable of convey- 
ing 42 gallons per minute and distributing the 
ultimate supply of 40,000 gallons in 16 hours. The 
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details of hydraulic gradients are shown in plate 
170. 7 The maintenance cost will be Rs. 1,092 
par annum or Es. 91 per mensem as detailed 
below : Oost of fuel per annum at one pint of 
liquid fuel per B. H. P. per hour and four annas per 
„ 11 honrsXS 25B.H.P. x365daysXas. 

gallon = Es.408 

Cost of lubrication, cotton v^aste and sundries 
&c., per annum at 4 annas per day ... 91 

Bepairs to maobinery, lump sum ... 101 

Total cost of fuel, lubrication and repairs, Ac, , 600 

Cost o! eatablishment pet annum : 

1 driver on a grade of Rs. 20 to 30 per mensem for 
12 months 25X12 Rs, 300 

1 cleaner on a grade of Ea. 8 to 10 per mensem for 
12 months (9X12) ... ... „ 108 

1 watchman for 12 months on Rs, 7 per mensem ,, 84 

Total coat of establishment Ra, 492 

Total oost of maintenance pet annum 

Rs. 600 plus 492= Rs. 1092. 

Therefore average cost of maintenance per men- 
sem is Es. 91. 

Conjee^eram Water Works. 

“ The town of Oonjeeveram is situated 45 miles 
south-west of Madras in the valley of the river 
Vegavati. At the site of the town this river is 

1.000 feet wide, although its source is only distant 
some nine miles and it possesses a deep sandy bed. 
Flood water is rarely seen in the river and the 
quantity is small. The river water has the reputation 
of flowing under ground through the sandy bed and 
thousands of acres of paddy are cultivated by spring 
or surface channels excavated in the sandy river-bed. 
The population of the town has risen from 37,827 
in 1871 to 53,864 in 1911. In addition to this 
population a considerable number of pilgrims visit 
the town especially in certain months attracted by 
its holy Brahman character and the sanctity of its 
two famous temples. The larger temple is dedi- 
cated to Siva and the smaller to Eamachiamma. In 
order to protect the town from cholera, etc., water 
works were constructed in 1897, the designs of the 
same having been drawn up by Mr. H. Nowroji, 
Assistant Sanitary Engineer, The water works 
were designed for a future population of 

56.000 and the rate of supply was fixed at 15 
gallons per head. These works consisted of a 
gallery in the river-bed and a pumping station 
containing two sets of Worthington pumping 
engines which were used to pump water into the 
town through cast iron distribution pipes provided 
with the usual public fountains. The scheme as 
constructed was a direct pumping one, but in order 
to minimise the disadvantages of this system a 
smfilJi service reservoir was constructed from 


savings effected on the sanctioned estimate. The 
gallery as executed was 550 feet long and consisted 
of four rows of open jointed 9 inch stoneware pipes 
surrounded by broken stone filling of a total depth 
of 7 feet, of which 6 inches is below the barrel of 
the pipes. The bottom of the gallery was fixed at a 
depth of 20 feet below the river-bed at the left 
bank of pumping station site. The broken stone 
filling is believed to have been put in of 1| inch 
size. The four rows of stoneware pipes terminate 
in a collecting well on the river bank. From this 
well the water is conducted through a cast iron 
pipe to the suction well, the end of the pipe being 
provided with a reservoir sluice, so that ingress of 
water into the suction well can be cut off when this 
well requires to be examined. The suction well is 
10 feet in diameter with 18 inches staining and was 
sunk to the required depth by divers. It is protected 
by roof of Mangalore tiles and is also ventilated. The 
suction well contains the suction pipes of the pump- 
ing engines and it is considered that the location 
of the well outside the engine house building site 
is satisfactory, preventing any trouble from settle- 
ment due to drawing in of sand which occurs into 
pump wells located in engine house sites and in 
sandy soil. The pumping plant consisted origin- 
ally of two sets of horizontal Worthington pumping 
engines and locomotive type boilers. After the 
water works had been opened for some twelve years 
it was found necessary to install supplementary 
plant as the two existing pumping engines had to be 
kept almost constantly at work in order to supply 
the increased demand of the town. I recom- 
mended that the space left vacant in the engine 
house for a third set of Worthington pumping 
engines should be utilised for their installation, but 
it was subsequently decided by Government to in- 
stall instead a suction gas engine working on Welsh 
anthracite. The installation of this gas engine 
necessitated the extension of the original engine 
house and this extension was made large enough to 
contain a fourth set of pumping engines of a type 
to be determined after experience had been gained 
of the working of the suction gas plant. Each steam 
pumping set is capable of pumping 583 gallons per 
minute against a total head of 56 feet. The suction 
gas plant is capable of pumping 584 gallons per 
minute against a total head of 69 feet. The water 
was distributed in the original scheme direct from 
the pumping station, the water main being 
16 inches at the pumping station and decreasing in 
the town to 3 inches at the furthest point supplied. 
The distribution was therefore by. direct pumping 
without the intervention of a service reservoir. 
Savings on the original scheme permitted the con- 
struction of a small masonry service reservoir in 
the town but at such a level that the higher 
parts were not benefited. This reservoir is used by 
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maBipuiating Ihe sluice valves daily and fehe atten- 
danfi disadvantages of the arrangement have been 
obvious for some years. The variation of pressure 
against the pumps does not permit of a constant 
length of stroke and consequently the cost of working 
is higher than is would otherwise be. Yne town is 
principally occupied by Brahmans and early after the 
opening of the works these householders obtair.ed 
house connections without meters. The wastage of 
water at these house connections seriously affected 
the supply at yublic fountains and the higher parts 
of the town. Under the new Municipal Amendment 
Act power has been obtained to fix meters on house 
connections and to charge for excess water. As 
a rule Chairmen are averse to the actual fixing 
of the necessary meters, I suppose on account 
of its unpopularity ; but these meters will require 
to be fixed if the wastage is to be controlled. 
The spill water at public fountains was usually run 
into roadside ditches where it stagnated causing a 
nuisance and encouraging the breeding of large 
numbers of mosquitoes. To remedy this state of 
affairs in the absence of a general drainage scheme 
I proposed the construction of filter trenches and 
wells. These were described as follow : In towns 
which possess piped water supplies and no proper 
drainage, it has been found that the spill water 
from fountains forms either objectionable pools or 
stagnates in the roadside earthen ditches. In these 
pools and ditches mosquitoes breed in large 
numbers and complaints have been made on this 
account alone. The spill water does not soak into 
the sub-soil at a sufficiently fast rate and it is 
necessary to devise means whereby the spill water 
will be immediately conveyed under the surface of 
the ground so as to prevent stagnation in pools and 
the breeding of mosquitoes. Two type designs {vide 
plates 179 and 180) have therefore been drawn up. 
The first one shows a filter well and the second a 
filter trench. It is proposed that a well {vide plate 
179) should be constructed, close to a public 
fountain, into which the spill water would pass 
direct through a syphon trap. The well is shown 
as 4 feet in diameter and 8 feet deep. The bottom 
portion of the staining for 4 feet height will be well 
brick in mud and the upper 4 feet of the same brick 
in chunam mortar. The spill water will collect in 
this well and soak into the sub-soil. Any excess 
water received in the well during the day will soak 
away at nighi The well top will be covered with 
stone slabs and a syphon disconnecting trap will be 
provided as shown to prevent any objectionable 
smell reaching the fountain platform. The well 
will be located on a favourable site in porous soil, 
the sub-soil water level being usually below the 
level of bottom of well. In such places where the 
well cannot be constructed close to a fountain, it 
will be constructed on adjoining land as near to 


the fountain as cireumstinces permit, the necessary 
connection being made by a pipe. The Sanitary 
Engineer has noticed at Conjeeveram that the spill 
water of certain fountains is led to a ditch passing 
the roots of cocoanut trees. Unfortunately the 
soakage of the water in these circumstances is not 
sufficient to prevent a nasty pool forming by the 
roadside. To avoid this, a type design (vide plate 
180) for a filter trench has been drawn up. In this 
type design it is proposed to lead the spill water 
from a fountain suitably located into an open 
jointed sub-soil pipe surrounded by broken stone 
through which the soakage of the spill water into 
the sub-soil will be rapid. A small cistern at the 
beginning of the sub-soil pipe is intended for pipe- 
cleaning purposes. As in the case of the filter well, 
where suitable soil does not exist near a fountain, 
the spill water should be led away by a stoneware 
or iron pipe to the nearest suitable location for the 
filter trench. The cost of the “Filter well” at 
Madras rates will be about Es. 50 and of the “ Filter 
trench ” Es. 20. I am assured by the municipal 
authorities that these filter trenches have improved 
matters. Examples may be seen at Conjeeveram. 
Tbe cost of the works originally proposed was 
Es. 2,69,231 for a population of 56,000. This 
gives the low average cost of Es. 4-8-0 per head 
of population. The low cost of the works is, 
in my opinion, principally due to the excellence 
of the site of the head works close to the town 
and on a river which is not subject to high floods 
or scouring action. The average annual cost of 
working was Es. 16,363. The quantity of water 
pumped during the year was 234 million gallons, 
the average total height the water was lifted by tbe 
pumps being 3414 feet. The cost of coal which 
was the fuel used for the steam plant was 
Es. 18-12-0 per ton. The cost of Welsh anthracite 
suitable for the gas engine and delivered at Oon- 
jeeveram pumping station was Es. 55 per ton. 
Owing to the small capacity of the low* level 
service reservoir and the fact that the distribution 
mains bad been originally laid down for direct 
pumping, it has been found that it is impossible 
with present arrangements to supply ail parts of 
the town with water at the requisite pressure. 
Proposals have therefore been drawn up for con- 
structing an elevated service reservoir of 8 hours’ 
capacity to be located at the pumping station site. 
It is also proposed to divide the town into three 
sections for supply and to lay new cast iron mains 
and carry out alterations in the existing ones. 
When this reservoir is completed, it will be possible 
to have pumping during the night so as to store 
water in the reservoir. The quantity of water to 
be supplied to the town will then be considerably 
more than the present supply. The quantity 
aimed at is 10,00,000 gallons daily.” 
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Madras City Waterworks. 

'‘In addition to the 25 water-supply schemes 
constructed throughont the Presidency there is the 
important water supply of the City of Madras 
which has a present population 5,17,335 according 
to the 1911 census. Nearly forty years ago when 
the population was nearly 4,00,000 distribution 
pipes were laid down throughout the city and a 
supply of water was brought from a large irrigation 
tank situated at the Bed Hills, 9 miles beyond the 
city boundaries, by an open channel to a masonry 
well located on the western boundary of the city, 
from this well which serves as a stand pipe the 
distribution pipes begin. These works cost originally 
14 lakhs of rupees. In order to preserve the static 
level of the water as much as possible so as to make 
a gravitation scheme possible the outlet from the 
tank was constructed at such a high level that it 
was found necessary in years of deficient rainfall 
to supply the high level outlet to the channel with 
water pumped from the lower levels of the tank, 
for the same reason the channel as it approached 
the city was carried on a high embankment, which, 
it maybe noticed, has stood wonderfully well. 
Owing to the increased demand for water and the 
trouble experienced from the deposition of silt 
carried forward from the open channel into the 
oast iron distribution pipes, plans and estimates for 
improvements were drawn up by Mr. H. Nowroji, 
Assistant Sanitary Engineer in 1905, and subse- 
quently sanctioned by the Corporation and Gov- 
ernment. This scheme provides for the tapping 
of the Red Hills tank at a lower level than 
the present channel outlet, the provision of a 
roughing filter near the outlet and the construction 
of a masonry conduit, 9 miles long, in lieu of the 
existing open channel. On the arrival of the water 
at the western boundary of the city it will be filter- 
ed through slow sand filters and partly stored in 
underground reservoirs and then pumped by steam 
pumps to an elevated tank whence it will be distri- 
buted to the city. The cost of these improvements 
was estimated at Rs. 24 lakhs and the works have 
already been executed. It is also in contemplation 
to improve the distribution pipe arrangements in 
the city at a cost of many lakhs of rupees so as 
to meet the demand from the increased population. 
The supply per head is also to be increased from 
the original provision of 16 gallons to 25 gallons.” 

Ciassifioation Of Existing Works. 

“The 25 water-supply schemes constructed 
in the Madras Presidency may be divided into 
the following types : 12 Gallery schemes, 1 Well 
Boheme, 9 Storage tanks with filters and 3 Storage 
tanks without filtration. This list shows that 
the water supply schemes are practically of two 
classes, the gallery type and the storage tank 


type with or without subsequent filtration. A 
gallery scheme of water supply is much in favour 
in Madras for two reasons. The first is the low 
cost of construction and maintenance and the 
second reason is the simplicity of working. 
Both of these reasons are of first importance in 
Madras owing to the fact that the water works are 
in charge of Municipal Councils who are unwilling 
to spend comparatively large amounts in construc- 
tion, maintenance, and superior supervision.” 

Infiltration Gallery. 

“An infiltration gallery as finally developed in 
Madras consists of a trench or gallery in a river 
bed and is usually from 20 to 30 feet deep. This 
gallery is excavated either across the bed or longi- 
tudinally in the direction of flow of the river ac- 
cording to the results obtained from preliminary 
investigation. This investigation consists first in 
the selection of a suitable site above the town 
and outlying villages to ba as free as possible 
from contamination, and secondly by the putting 
down of 40 to 60 borings to a sufficient depth, 
say from 30 to 50 feet. These borings are 
pub down in a longitudinal section up and down 
stream and at increasing distances apart, and on 
these results the further borings to determine the 
cross sectional conditions of the river bed are put 
down. In themajority of cases these borings either 
show a depth of fine and coarse sand ranging from 
20 to 30 feet thick or alternate layers of sand and 
clay. In the former case the gallery depth would 
be determined by the available depth of water in 
the summer season with reference to the usual 
condition that there is no surface flow in the river 
during this season. In the latter case of alternate 
layers of sand and clay the gallery would be located 
so as to draw its principal supply from the deepest 
sandy layer, if of sufficient coarseness, and to rest 
on the underlying layer of clay. Samples of sand 
from the borings and from different depths would 
be taken and mechanically analysed to determine 
the coarseness of the sand and* especially to observe 
the percentage of fine sand and silt contained in 
the coarse layers. The continuity and extent of 
the sand layers would also be calculated to deter- 
mine the water contents. If the samples of sand 
were found to be satisfactory, that is to say, with a 
uniformity co-efficient of not less than 3, then it 
would be considered that the sand in the river bed 
was suitable for the location of a gallery therein. As 
many rivers in Madras have occupied in former 
times other positions, it is advisable to trace out by 
borings the old course of the river bed which is now 
. dry land and to locate on this land the gallery itself 
instead of in the present bed. While the latest form 
of gallery adopted is a trench, there are several 
cases in which the gallery takes the form of an 
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underground filter bed proteeted by a barrage wall 
built across the river-bed and with the top of the 
wall submerged. The most; successful galleries are 
those which have been located in a sandy river-bed. 
In the case of one of our works not in a river-bed 
where the gallery or trench was excavated in 
decomposed syeoifcic rock overlying hard syenite it 
has been found that, as is usually found in the case 
of wells in such rook, where the draw-off is con- 
siderable, the construction of the gallery or trench 
has permanently lowered the ordinary sab-soil 
water level. In this case the only solution for 
augmenting the supply is to extend the gallery, but 
this type is not one on which reliance can be con- 
fidently placed. In the case of galleries in sandy 
river-beds, those rivers receive from time to time 
floods wbich recoup the supply of water in the 
sandy bed. Diminution of supply in these galleries 
can be confidently met by the extension of the 
gallery preferably across the river-bed or if neces- 
sary in a longitudinal direction up stream. In this 
connection it may be noted that the extension of 
the gallery is only possible in those oases where 
the scour due to flood water does not reach more 
than 10 feet or so below the normal bed level. 
Where the scouring action of flood water would 
reach below this level a gallery placed across stream 
must be protected by a masonry wall on the down 
stream side. In those cases where the gallery is a 
longitudinal one and the river water in flood time 
exerts deep scouring action the site of the gallery 
would usually be on the bank of the river outside the 
scouring action of flood water. The trench type of 
gallery is constructed as follows : An open excava- 
tion is made in the river-bed in the summer season 
down to water level, and below this level the trench 
is excavated with the aid of timbering and sufficient 
pumping power to the depth desired which as 
already stated is usually 20 to 30 feet below river- 
bed level. The width of the trench will usually be 
8 feet and at the bottom a layer of broken stone, 
li inch size, is laid to a depth of 1 foot. On this 
layer one or two lines of open jointed stoneware 
pipes are laid with a slight fall towards a collecting 
well on the river bank. The trench is then filled 
in to a depth of 6 feet with broken stone, beginning 
with 14 inch size and completing with f inch size. 
The planking and shoring are removed as the filling 
proceeds and the construction pumps keep the 
water down to below the top of the filling. Above 
the f inch size of broken stone, coarse sand is laid 
to a depth of 3 feet and above this layer the ordi- 
nary river-bed sand. The gallery is constructed in 
lengths of 100 or 200 feet according to the quantity 
of water to be pumped out, and this water is mea- 
sured as the work proceeds so that data may be 
obtained of the available supply. As a rule, in those 
rivers of limited cross section and without perennial 


flow, the gallery is the first work to be constructed 
and until a test has been made of the quantity of 
water available, the remainder of tha works includ- 
ing the supply of pipes is deferred. A question that 
is often asked is whether these* galleries do not 
become rapidly choked. This, it is thought, is almost 
entirely a question of the percentage of fine sand in 
the deep coarse sand layers of the river-bed at tha 
site of a gallery. Provided the percentage of fine 
sand is small there is no reason why such galleries 
should not work for 20 years or even longer. In 
the case of the gallery at Oonjeeveram water works 
no trouble has been experienced from any movement 
of fine sand into the broken stone layers and stone- 
ware pipes of the gallery and this after 15 years' 
working. In addition to absence of diminution in 
quantity, the quality of the water has maintained a 
high standard of bacteriological purity. It is however 
recognised that in oases of supplies from sandy 
river-beds where the sand contains a comparatively 
large percentage of fine sand which will pass through 
a sieve of, say, 100 meshes to the lineal inch and 
where the reduction in water level or infiltration 
bead exceeds, say, 4 feet, there is every likelihood of 
this fine sand beirig carried forward into the interior 
of a gallery. In such cases it is considered that a 
gallery is unsuitable and the head works should 
take the form of wells which can be easily discon- 
nected and periodically cleaned of the fine sand 
which may have entered the wells. In the case of 
the filter bed type of gallery with a protecting bar- 
rage wall which has had to be cleaned every five 
or six years, it is considered that tha frequency of 
cleaning required is owing to the excessive bead 
caused by the increased demand for water and the 
want of sufficient area of filter bed and also to the 
periodical floods depositing mud on the surface of the 
river-bed, this mud being carried into the interior 
of the filter bed by the powerful suction action 
of the pumping engines during the day’s working. 
An infiltration gallery when constructed across the 
direction of flow of underground water in a river- 
bed enables us to obtain a much larger amount of 
water than would be obtained from wells sunk in 
the river-bed a considerable distance apart. It is 
thought that wells would require to be put so close 
as to actually abut each other before such wells 
could supply an equal amount of water to an 
infiltration gallery. This would mean that the 
infiltration gallery would be cheaper in construction 
than such wells when placed close together. If it 
were proposed to sink wells in a sandy river-bed at 
a considerable distance apart, say, 300 feet, it 
would be necessary to connect up these wells either 
to a common suction pipe or to a common syphon 
pipe. These pipes would then be located at a 
higher level than the bottom level of the wells and 
at this higher level such pipes would be liable to 
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damage by fehe scouring action of flood water. In 
the Trichinopoiy water works we have an arrange- 
ment of three wells joined to a common suction 
pipe and this pipe has not only been carried away 
twice in the last nine years, but its presence at a 
comparatively high level above the bottom of the 
wells has given us constant anxiety for its safety. 
If the wells are not connected to a common suction 
or syphon pipe at a level higher than the bottom 
level of the wells, then these wells must be connect- 
ed by a pipe at a low level usually at the bottom 
level of a well. This pipe would usually be of 
cast iron owing to the difficulty of jointing stone- 
ware pipes at this depth in the presence of water. 
If the stoneware pipes were laid un jointed it would 
be necessary to surround them with broken stone 
so as to prevent ingress of sand and consequently 
this would mean the construction of an infiltra- 
tion gallery. Such a gallery would not require 
to be supplemented by wells so that under the 
conditions described it would be preferable, in 
favourable locations, to adopt an infiltration gallery 
as the source of supply instead of a scheme of 
wells. In the case of the broken stone filling 
of a gallery, I am of opinion that in order to 
discourage movement of sand surrounding the 
broken stone it is an improvement to lay this 
broken stone filling, in decreasing sizes from the 
stoneware pipe in a similar way to the filling of a 
sand filter. This proposal is illustrated in plate 184. 

\ A welljoss esses this advantage over an infiltration 
!, gSle^r^ilTin the well or fine sand can be remo- 
I ved by means of a sand pump or a grab dredger. If 
silt has to be removed from an infiltration gallery 
this can only be done by actually removing the 
broken stone and relaying the same stone, after it 
has been cleaned. The silting of an infiltration 
gallery appears to be due to the presence of fine sand 
and silt in the river-bed. Where the quantity of 
this is large as at the Trichinopoiy gallery, where 
it is 12 per cent, the silting of the gallery and also 
of the wells has been an undoubted fact. It has 
been found by mechanical analysis that 12 percent, 
of the sand in the river Cauvery at Trichinopoiy 
will pass through a sieve of 100 meshes to the lineal 
inch, and we look to this reason as the explanation 
of the indrawing of fine, sand with silt into the 
infiltration gallery and the three wells in the river- 
bed which comprise the supply works. In the case 
of the Conjeeveram gallery the sand at depth is 
coarse and there has been no trouble from silting 
and BO reduction in quality of the water since the 
works were constructed fifteen years ago.” 
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Storage Tanks. 


“ lb has already been stated that the number of 
water supply schemes in Madras, of which a storage 
tank is a component part, is 12. These are usually 
provided where it is impossible to draw up a gallery 
scheme at a reasonable cost owing to uhe distance 
from the town of a suitable river with a sandy 
bed. These tanks are constructed preferably of a 
capacity equal to tliree , years’, supply in localities 
where the rainfall is low or variafibr^ The resulf 
of storage in open tanks or lakes has been found to 
be highly beneficial to the quality of the water. 
The capacity of a tank requires to be enormously ; 
increased by provision for evaporation and absorp- J 
tion. This is usually taken in the case of water 
works tanks in Madras at half inch per day over the 
area at two-thirds of the depth of the tank, less the 
usual recoupment during the period. Although it 
is recognised that all cultivation should cease within 
the catchment of a storage tank yet for financial 
reasons it is found impossible as a rule to insist on 
this and we have to be content with the acquisition 
of land within 1,000 feet of the line of water spread 
at maximum water level. In the case of a tank 
which had laterite earth on the surface within the 
catchment area, heavy rain in the monsoon months 
resulted in the water of this tank becoming red in 
colour, and with a large proportion of mud in sus- 
pension. This laterite mud owing to its fineness, 
was found to be incapable of deposition even after 
several months and the sand filters which were in 
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use gava great trouble owing to their frequent clog- 
ging. The introduction of mechanical filters for 
roughing purposes was therefore seriously consi- 
dered when owing to the acquisition of certain 
cultivated dry land within the catchment area the 
presence of laterite earth in suspension in the tank 
water suddenly ceased thus obviating the necessity 
for mechanical filtration. It is therefore suggested 
that in similar cases the prevention of cultivation 
of dry land of certain kinds within the catchment 
of a tank is advisable. Prom the analyses of the 
waters of storage tanks in Madras it is considered 
that, provided there is no abnormal amount of silt 
in suspension, the provision of 1,000 feet margin 
around the maximum water level by the acquisition 
of land 1,000 feet in breadth is a sufficient protec- 
tion against the eonfeamination of the tank water by 
the run off, from the resfe of the catchment even 
when cultivation is carried on in the remainder of 
the catchment area to a considerable extent. This 
statement is however subject to the condition of 
sufficient storage in the tank and to the draw off 
of water 3 feet below the highest level available 
either by a floating pipe or by a draw off stand 
pipe with valves at different levels. Our tanks are 
being constructed with embankments or bunds 9 
feet wide at the top and with front slopes 1| to 1 
and rear slopes 2 to 1. In the future, it will how-, 
ever be better to adopt slopes of 2 to 1 and 3 to 1 
respectively so as to minimise leakage from the 
tanks and to obtain a stronger embankment,;' 
The front slope Is usually pitched with stone iSf 
inches thick over gravel 12 inches thick.” 1 

Filter Beds. 

“The only filter beds in use in Madras at 
present are of the ordinary sand filter type and 
these have given very variable results in the past 
owing to want of superior supervision by the Local 
Bodies. The type {vide plate 185) in use is the 
ordinary European type consisting of a masonry 
tank, rectangular in form, filled up with 2 feet of 
broken stone of size li inches to f inch and sand of 
varying coarseness the first layer above the f inch 
stone being sand, retained on a sieve of 10 meshes 
to the lineal inch, to a depth of 4 inches, the sand 
above this layer being that which will pass through 
a sieve of 10 meshes and be rejected on one of 40 
meshes. This layer is 2' B" thick. Above the top 
sand layer the minimum depth of water is 3 feet. 
Our experience of sand filters in the Madras Presi- 
denoy has been disappointing, Shortly after the 
filtering material in a filter bed has been relaid the 
filtrate baa given excellent results but as a rule the 
bacteriological analyses of samples by the Maconkey 
system has shown variable results either from want 
of attention to the working, indifferent sampling, 
tropical conditions in Madras, or the system of 


analysis itself. Accordingly, I recommended to the 
Madras Government, and they have since sanction- 
ed, the installation at a cost of Es. 34,000 of experi- 
mental filters, both ordinary sand filters and 
mechanical filters to be erected at the King Institute, 
Guindy, in order that soma practical conclusion 
could be arrived at as to the actual working of 
filters under Madras conditions. It has been 
suggested that the broken stone layers of a sand 
filter should be reduced from 2 feet to 1 foot in 
thickness in order to reduce multiplication of bac- 
teria in the post filtration passages. This proposal 
appears to be contrary to the practice in Europe, 
but the experimental sand filters to be erected at 
the King Institute will show by actual results from 
samples taken at different depths what actually 
happens, out of sight, in a filter bed. Another 
proposal to reduce the depth of water from 3 feet 
to 2 feet in order to reduce the total depth of a filter 
bed, we have already negatived by experience of 
working with such a depth in the Goeonada filters. 
Owing to the rapid growth of algae in the shallow 
water, it is found necessary to revert to the provision 
of a minimum depth of 3 feet. In connection with 
the position of sand filter beds in relation to the 
storage tank, our experience in Madras has shown 
the necessity for their construction at some distance 
from the storage tank or in some position where the 
normal sub-soil water level will be below the level 
of the floor of the filter bed in order to avoid the 
coming in by diffusion through cracks, of sub-soil 
^ water into the bed below the sand layer. Inlet 
^ valves are automatically regulated and the outlets 
are provided with Glenfield-Jones automatic 
filter outlet apparatus so as to ensure the steady 
draw off from each bed of a quantity of water 
not greater than 450 gallons per square yard per 
day. These outlet automatic valves are also 
so set as to limit the maximum head of draw off 
to 2 feet. As the supply to the towns is usually 
only for 16 hours in the day time at the rate of 15 
gallons per head, storage is provided in covered 
reservoirs of 8 hours’ supply for the water filtered 
at night.” In plate 186 is shown a design for filter 
beds and service reservoir suitable for rural water 
supplies. 

Water Supply Arrangements For A Public 
Building : Plate I'll. 

In plate 171 is illustrated the design of a water 
supply installation for a public building drawn 
up by Mr. Hutton. His report accompanying this 
design was as follows : These arrangements are 
suitable for the supply of water for a public 
building when a source of supply such as a well 
can be found within a reasonable distance of the 
building. The arrangement consists of a well, 
10 ff et jn^diam^erj and 20 feet de ep and a borebo 
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Slink through the middle of the well to tap an 
underlying stratum containing fresh water. The 
water from the well will be pumped out by means 
of a double barrel lift and force pnmp, the power 
being provided by an oil engine of the smallest 
size available, say, about 2 B.H.P. In the event 
of the breakdown of the engine the pump will be 
worked by manual power, 4 coolies by means of 
handies which can be attached to the axle. The 
engine and pump will be contained in a small 
corrugated iron sbed. The size of suction pipe will 
be and that of the delivery pipe to the storage 
tank on the top of the building will be also 2F. 
Branches can be taken off of this delivery pipe 
wherever required. The storage tanks on the roof 
of the building are not included in the estimate as 
they are provided with the building. The cost of 
the proposals that is, for the well, engine house, 
engine and pump, suction and delivery mains and 
the borehole in the bottom of the well is estimated 
at Rs. 5,500. 

Abstnact Of Quantities For Water Supply 
Arrangements For A Public Building : 
Plate 171. 


Quantity. 

Description of work. 

5321 0. ft. ... 

Earthwork, excavating including re- 
filling. 

7 t. ft. 

Sinking 10 feet well. 

sum. 

Wooden well curb including angle iron 
cutting edge with holts, bonding rods 
etc. 

7246 0. ft. ... 

Brickwork in surkhi mortar. 

1717 gq. ft. ... 

Plastering with cement, thick. 

sum. 

Hyrib flooring including manhole cover, 
rolled steel joist, fixing, etc., complete, 

lOr. ft. 

Plat bottom rail including fixing. 

sum. 

Pumping charges during construction. 


Cement concrete flooring 2* thick, in- 
eluding plastering, cast iron collar for 
boring pipe, 

652 0. ft. 

Earth'work, excavation. 

Ill c, ft. 

Brickwork in surkhi mortar. 

74 gg. ft, 

Plastering with cement, ^ thick. 

293 gq. ft. ... 

Flooring with Ouddapah slab, 2"* thick, 
on 4" concrete and pointed with cement 
to full depth of slab. 

sum. 

Corrugated iron sheet walling and roof- 
ing including icon posts, principals, 
purlins, horizontals, one door and two 
windows, bolts, base plates, fixing, 
painting, etc., complete. 

Double barrelled "A* frame lift and force 
pump, size of suction and delivery 21" 
with pulleys and hand wheel, Fig, N 
page 49 of Messrs. Eiohardson & Grud> 
das catalogue including 2|" suction 
and delivery pipes to tank ; foot valve 
and strainer ; laying and jointing pipes, 
fixing pumps including foundation 
bolts etc., complete to pump 1600 
gallons per hour. 



Quantity. 

Description of work. 

sum. 

2 B,H.P. Oil engine with necessary cool- 
ing water tank pipes and connections, 
exhaust pipes and silencer ; foundation 
bolts and standard pulley, belting, 
fixing, etc,, complete. 

110 ft. of boring, 4* diameter, including 
boring pipes, labour, hire of tools, etc,, 
complete. 

Contingencies and petty charges. 

Total Ks. ... 


Continuous Supply. 

“ Tba provision of a continuous supply 
although highly desirable is not one which ordinary 
mufassal councils require and if given under present 
conditions wouM result in the wastage of almost 
the whole of the night’s supply. Until lately the 
powers of regulation were so limited by the provi- 
sions of the District Municipalities Act that it was 
found impossible to safeguard consumption of water 
especially at night. Since then an Amendment 
Act has been passed which gives the Chairman of a 
Council necessary powers to fix meters and to 
enforce rules against wastage of water. It is 
therefore hoped that there will be less wastage in 
the. future than in the past which wastage was 
encouraged by the early introduction of certain 
water supplies prior to adoption of rules and by-laws 
for regulating consumption.” 

Classes Of Water Supply Schemes. 

Having described in detail the general features 
of water supply schemes in this Presidency, I 
propose to discuss the classes of water supply 
schemes. Judged from the different sources of 
supply, the water supply schemes may be classified 
under: 1. Tank schemes. 2. Schemes of surface 
water from canals, channels, perennial rivers and 
streams. 3. Shallow infiltration gallery schemes. 
4. Schemes of shallow infiltration galleries and 
wells combined. 5. Submerged infiltration gallery 
schemes. 6. Infiltration well schemes. 7. Deep 
well or Artesian supply schemes. 8. Schemes of 
infiltration gallery and storage combined. Judged 
from the methods adopted for purification of water, 
the schemes of water supply may be classified as 
1. Unfiltered surface water supply ; 2. Well and 
gallery supplies ; 3. Supply filtered by sand filters ; 
4. Supply filtered by mechanical filters. Judged 
from the levels of supply sources and towns, the 
schemes are classified under : 1. Gravitation, see 
figure 1, plate 148. 2. -BumpiDg, see figure 2, 
plate 148. 3. Gravitation and pumping combined, 
see figure 4, plate 148. 4. Pumping and gravitation 
combined, see 4^ura 3, plate 148. 5. Pumping, 
gravitation and pumping combined. 





WATEE SUPPLY : DATA FOR PRELnilYAEY PROPOSALS, THE METHOD 
OF DRAWING SAMPLES OF WATER FOE CHEMICAL EXAMINA- 
TION FROM WATER TAPS, TANKS AND STREAMS: AND THE 
QUANTITY OF WATEE NECESSARY PEE DIEM PEE HEAD FOR 
A TOWN POPULATION AND FOR HORSES AND OTHER ANIMALS. 


Population. 

The populatiioQ as per las(i 5 censuses of every 
city, town, division and firka is available. The 
scheme to be designed is generally for a prospective 
population some 30 or 40 years from the time the 
scheme will be first brought into operation. Condi- 
tions such as (1) introduction of Railways, (2) estab- 
lishment of new Government administrative offices, 
Courts, etc., and (3) other local causes should be 
taken into account in considering the amount of 
probable prospective population of any place. An 
over-estimate of population will result (1) in the 
initial cost being prohibitive, (2) in escess of the 
life of the component parts of water works. An 
under estimate of population will result (1) in the 
requirements being larger than the supply shortly 
after introduction, and (2) in the necessity to pro- 
vide additional works before the component parts 
run out their life. Tor example, the probable 
prospective population of Bautual in 1951 is thus 
obtained. The population as per 1881 census 
was 3,985. Population as per 1871 census was 
3,685. Increase was 300 or 814 per cent. Popula- 
tion as per 1891 census was 4,328. Population 
as per 1881 census was 3,985. Increase was 343 
or 8'61 per cent. Population as per 1901 census 
was 4,448. Population as per 1891 census was 4,328. 
Increase was 120 or 2’77 per cent. Population as 
per 1911 census was 4,985. Population as per 1901 
census was 4,448. Increase was 537 or 12'07 per 
cent. Population as per 1911 census was 4,985. 
Population as per 1871 census was 3,685. Increase 
was 1,300 or 35‘3 per cent. Prom the above it will 
be seen that the maximum percentage of increase 
of 127 occurred between 1901 and iMl. On this 
basis, the probable population of 1951 will be 1911, 
4,985; 1921, 5,618; 1931, 6,334 ; 1941, 7,135 ; 1951, 
8,017. On the basis of the percentage of increase 
in the 40 years 1911—1871, viz., 35'3 per cent, the 
probable population of 1951 would be 6,715. It is 
usual to adopt the higher, viz., 8.017 of the two 
results. The prospective population is often obtain- 
ed graphically as shewn in plate 149. 

20 


Quantity. 

In this Presidency, the usual practice is to pro- 
vide 1 5 gallons per bead per day. The new scheme 
of the city of Madras is worked on a 25 gallon 
basis. In cases where funds are very limited, the 
minimum quantity to meet sanitary requirements 
is taken as 7 gallons per head per day. The 
amount of water required by the population of 
towns varies considerably in one town from another. 
In the book on Hygiene by Hotter and Firth, the 
details of requirements are given as under : Cook- 
ing, 75 gallons ; drinking, ‘33 gallons ; baths, 5'00 
gallons; house washing, 3*00 gallons, laundry 
washing, 3‘0 gallons, general baths, 4'00 gallons ; 
water closets, 6'00 gallons; unavoidable waste, 
2*92 gallons: total 25*00. If special provision 
is required to be made for the supply of water 
to animals, the minimum quantities usually allowed 
are as follow: For elephants, 25 gallons ; for 
oxen large, 6 gallons ; for oxen small, 5 gallons ; 
for horses, 8 gallons; for mules and ponies, 6 
gallons ; for sheep and pigs, 1 gallon. In the mili- 
tary water supplies, a provision of 20 gallons per 
horse is usually made. No useful purpose will be 
served by comparing figures shewing quantities of 
water supply schemes of different towns in this 
Presidency, as the available figures are not 
sufficiently accurate to permit of positive results. 
For villages a provision of 7 to 10 gallons per head 
seems sufficient especially to avoid the evils of an 
abundant supply in the absence of drainage works. 
For mufassal towns, a provision of 15 gallons per 
head per day is reasonable. Having determined the 
quantity of supply per day, the rates of delivery per 
minute may be discussed under the three heads ; 
viz., [a) requirements for town consumption; 
ih) requirements for gravity supply to service reser- 
voirs ; and (c) requirements for pumping. 

Requirements For Town Consumption. 

The rate of hourly consumption varies in differ- 
ent towns. The expression, “ average supply" is 
used in waterworks to mean the supply per minute 
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during 24 hours, that is, average supply equals 
prospective population x rate of supply per head 
per day, divided by 1,440. In drainage schemes, this 
quantity is termed, ‘ Dry weather flow.’ In practice 
there is a larger demand for water during certain 
hours of the day than the demand during the 
other hours of the day. The consumption during 
nights nearly consists of wastage and leakage. 
The hours during which the rate of consumption 
per minute is highest are termed ' Periods’ or, 
‘ Hours of maximum demand or consumption.’ 
The expression, ‘ maximum supply ’ means the 
rate of supply during the periods of maximum 
consumption. The duration of the periods of 
maximum consumption varies from 6 to 8 hours 
and the maximum rates also vary from 1*30 to 
2*38 of the average rate. In this Presidency the 
maximum rate of consumption has been fixed at 
double the average rate and the duration of periods 
of maximum consumption is taken as 6 hours, 
usually the periods 6 to 9 AM. and 3 to 6 P.M. 
daily. The distribution pipes in a town are design- 
ed capable of carrying the maximum supply or 
double the average supply. During the other 6 
hours of the day, m., between 9 A.M. to 3 P. M., 
and during six hours of the night, i.e., between 
6 P.M. to 10 P.M. and 4 A.M. to 6 A.M., the rate 
is taken as the average supply. For purposes of 
the determination of sizes of service reservoirs or 
other component parts of water works, it is pre- 
sumed that there is no town consumption between 
10p.m. and 4 A.M. during nights. 

Eequiremeiits Of Gravity Supply To Service 
Eeservoirs. 

The pipe from H to K in fig. 4 of plate 148 is 
called “ gravity supply main or pipe to service 
reservoir. ” This pipe is designed capable of carry- 
ing the average supply. As the pipe to supply the 
town, viz., E to G in fig. 3 of plate 148 should be 
capable of carrying the maximum supply, it would 
be financially advantageous to locate the service 
reservoir as near the town as possible, 

Eeqairements For Pumping. 

In pumping schemes (see figs. 2, 3 and 4 in plate 
148), the pumping plants can be made suitable for 
pumping the daily requirements in 8, 12, 16 or 34 
hours as required. The duration of pumping hours 
daily is a question which depends on (1) character 
of the sources of supply, (2) provision of service re- 
servoir, (3) class of pumping plant, and {i) financial 
considerations. If the supply works consist of a 
gallery or wells and if the rate of inflow at the head 
works equals the rate required for the town during 
every minute of the 24 hours of the day, pumping 
should be done all the 24 hours. If pumping 
horns m reduced from 24 hours it would then be 


necessary to provide collecting reservoirs to store 
water. If a service reservoir is provided for and if 
the rate of supply at the head works will permit of 
reduced durations of pumping, then the periods of 
pumping may be fixed as 8, 12 or 16 hours as 
desired. Thera are certain classes of pumping plant 
in which it is advantageous to work them continu- 
ously all the 24 hours. lo some cases, it will be 
found advantageous to provide a larger power plant 
and reduce the hours of pumping. The financial 
aspect is the chief point on which the duration of 
pumping hours is fixed in each ease. The determin- 
ation of this question is dependent on a number 
of considerations as stated above and it is impos- 
sible to give a hard and fast rule applicable to all 
cases. As a general rule, it may be stated that 
pumping schemes in which coal, firewood, oil, 
liquid fuel, charcoal or anthracite is fuel for the 
plant, it is advantageous to fix the pumping hours 
continuously for the 24 hours and to provide a 
service reservoir of minimum capacity of 8 hours’ 
average supply as an essential component part of 
water works. Having determined the hours of 
pumping, the rate of delivery per minute is then a 
simple matter of arithmetic, viz., daily supply in 
gallons divided by hours of pumping X 60. 

Quality. 

As a rule, people evince a deeper interest in 
regard to quantity than in regard to quality. I am 
no medical man and I do not therefore propose to 
enter into a discussion of this question from 
hygienic or medical stand points. This question will 
therefore be discussed under the following heads : 
(1) Methods for field tests to determine whether 
the water from a proposed source of supply is 
worth being forwarded for bacteriological examina- 
tion and chemical analysis. (2) Eules to be observed 
in taking samples of water for bacteriological exa- 
mination and chemical analysis. (3) Interpreting 
the results of tests as furnished by Medical Sani- 
tary specialists. 

Methods Fop Field Tests To Determine Whether 
the Water From i Proposed Source Of Supply 
Is Worth Being Forwarded For Bacteriological 
Examination And Chemical Analysis. 

The chemicals and apparatus required are : A. 
Outfit No. 1 in a teak box containing (1) one 4 oz. 
glass stoppered bottle containing standard solution 
of silver nitrate made by dissolving in the propor- 
tion of 4*79 grammes of pure silver nitrate in one 
litre of distilled water ; (2) one 4 oz. glass stopper- 
ed bottle containing yellow potassium chromate 
solution made by dissolving in the proportion of 
220 grains of yellow chromate in 10 oz. of distilled 
water ; (3) one 4 oz. glass stoppered spare bottle ; 
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(4) 0D8 oz. measure ; (5) one minim measure ; (6) 
four glass feesfj tubes and (7) three pipettes E. Out- 
fit Ho. 2 in a teak box containing (1) one 8 oz. 
glass stoppered bottle containing dilute sulphuric 
acid; (2) one 4 oz. glass stoppered bottle containing 
dilute solution of potassium permanganate; (3) 
three 10 oz. glass stoppered bottles spare ; (4j one 
oz. measure, and (5) one minim measure ; (6| two 
pipettes ; and (7) two glass tumblers. The tests 
conducted in the field are (i) for clearness and 
colour by observing the depth of water, as compared 
with distilled or other known potable waters, 
through which a newspaper can be read ; (ii) for 
odour by shaking up a portion of water in a clean 
wide mouthed bottle ; if none is detected the 
water should be set aside and again examined after 24 
hours have elapsed ; (iii) for chlorine by using i oz. 
of sample water and adding two drops of chromate 
solution to give it a yellow colour ; then add drops 
of silver nitrate solution (outfit No. 1) tillthe sample 
turns red and compare with the number of drops 
required in a known potable water and (iv) for oxy- 
gen absorption by taking 8 oz. of the sample of 
water in question and 8 ounces of a sample whose 
potability is known in two stoppered bottles and 
add to each the same quantity of dilute sulphuric 
acid, then add a few drops of a dilute solution of 
potassium permanganate to one and then the same 
number of drops to the other; let them stand 
and at the end of 4 hours compare the tints 
of the solutions ; if the tint of the sample of water 
under test is weaker or completely gone it absorbs 
more oxygen. The above are the tests usually 
conducted by surveyors in the field. The following 
extract from Mr. J. A. Jones' Manual will be found 
useful for those who desire to conduct further field 
tests. “ Mieroseopio examination may be made and 
it should be noted whether the sediment contains 
evidence of contamination such as rice or other 
grain, hair, fibres, wool, eta. The water may be 
chemically examined thus : (1) for reaction (acid- 
ity or alkalinity) by the immersion of blue and 
red litmus paper in the water. Good water ought to 
be neutral or faintly acid (from carbonic acid). The 
papers should, therefore, remain unchanged in colour 
or the blue paper become purple or faintly reddish. 
If the red paper becomes purple or blue, the water is 
alkaline. A strongly acid or any alkaline reaction 
should condemn a water unless the cause is known 
to be harmless. (2) To test for organic matter, 
obtain two white glass bottles, a solution of 1 grain 
to 2 ounces of water of permanganate of potash 
and some distilled water. Fill into each of the 
bottles the same quantity of water, into one bottle 
the distilled water, into the other the water to be 
examined. Add to each a portion of the solution 
drop by drop until a pink tinge is acquired. Place 
.both bottles against a sheet of white paper and 


examine for a quarter of an hour. The loss of the 
pink colour rapidly shows the water examined to 
contain a large amount of organic matter probably 
animal, if is loses its colour slowly, the organic 
impurity is more probably vegetable; if the pink 
colour remains, the water contains little organic 
impurity. If, however, a water has iron in it, this 
will cause the loss of the colour. To detect iron in 
a water, if in any quantity the taste will indicate 
its presence ; if in small quantity, evaporate a portion 
of the water to dryness and add a drop of solution 
of potassium ferrocyanide to the residue; a blue 
colour indicates the presence of iron, To detect 
ammonia in water: Obtain Nesseler's solution 
which is made as follows: 30 grains potassium 
iodide and 10 grains mercuric chloride are dis- 
solved in a pint of warm, distilled or rain water; 
a strong solution of mercuric chloride is added 
drop by droD, stirring until a slight red precipitate 
is formed. 150 grains of caustic potash is now 
added and finally a little more mercuric chlo- 
ride solution until a slight precipitate is produced. 
Allow this to subside and decant the clear solu- 
tion for use. Drop a little of the solution on the 
water. A yellow or brown colour indicates the 
presence of ammonia or its salts. If a white milky 
precipitate is produced, lime or magnesia is present. 
This test is therefore a double one, the depth of 
brown or yellow colour depending on the amount of 
ammonia, and the degree of hardness on the amount 
of the whitish precipitate. To test for chlorides, 
add to the water in a test tube a few drops of nitrate 
of silver acidulated with nitric acid, the presence of 
chlorides will be shown by a milky haze or pre- 
cipitate. . To test for sulphates, add to the water in 
a test tube some drops of barium chloride acidulated 
with hydrochloric acid. Shake up and if a haze is 
produced, sulphates are present. Magnesium salts 
are indicated by the production of a similar cloudi- 
ness on shaking after the addition of ammonia 
solution to a water. The inferences to be drawn 
from the above examination and tests are: (1) 
Colour, turbidity, odour or taste may be a sufficient 
reason for the rejection of a water, but a colourless, 
odourless, or tasteless water is not necessarily 
pure and fit for consumption. (2) Strong acid 
or alkaline reactions should condemn a water, un- 
less the reason is known to be harmless. (3) 
Water which rapidly decolourises permanganate 
of potash, is dangerous from the presence of or- 
ganic matter unless iron is present. (4) Water in 
which there is a well marked colour produced in 
the ammonia test is polluted, as ammonia is usually 
derived from the decomposition of nitrogenous 
organic matter. If there is much white precipitate 
produced, the water ia bad for cooking and washing, 
but may be suitable for drinking, if magnesium 
salts are not indicated by the test for these salts. 
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(5) Chlorides are presenfe in most waters, a large 
quantiiiy shows the water is brackish. This quality 
may be derived from the soil or it may be animal 
impurity. Thus a considerable quantity of chlo- 
rides alone cannot condemn a water. (6) The 
presence of sulphates is evidence of dangerous 
mineral or organic contamination. (7) Mangesium 
in sufficient quantity to give turbidity ought to 
condemn a water. Such tests and considerations 
will afford a basis for opinion as to the suitability 
or otherwise of water, but in no case should any 
source of supply, especially for domestic purposes, 
be decided upon until a complete analysis by a 
chemist has been obtained. It is advisable also to 
have the water drawn from a proposed source at 
the various times of the year, so that the effect of 
seasonal variations may be noticed, and it is no less 
necessary that town supplies should be regularly 
and carefully examined so as to guard against con- 
tamination and to ensure the continued efficiency 
of the means taken to prevent contamination.” 

Eules To Be Obsei*?ed In Taking Samples 
Of Watei? For Bacteriological Examination 
And Chemical Analysis. 

The duty of sampling water is a responsible one 
and should not be entrusted to subordinates, espe- 
cially to the class of subordinates who consider 
their duty in the matter of sampling of water only 
entails the performance of collecting a sample with- 
out in the least equipped with knowledge as to (1) 
why the sample is taken, (2) where the sample 
should be taken, (3) how the sample should be 
taken, and (4) the direct and indirect consequences 
of bad sampling of water as a result of ignorance 
on the part of the sample taker. As a rule, the 
responsible work of the sampling of water should be 
done by the District Medical and Sanitary officers 
and Health officers personally. In localities and 
circumstances in which the services of the above 
officers are not available, the work of sampling of 
water should be entrusted to responsible Gazetted 
officers with full and complete instructions if they 
are new to the work. Occasions will arise when 
the duty of sampling of water may devolve on junior 
subordinates. I will therefore discuss rather fully 
under this head all about * sampling of water.’ In 
the PifQ|id6ney of Madras, the bacteriological exa- 
mination and chemical analysis of sample water are 
conducted at the King Institute of Preventive Medi- 
cine, Guindy, and reports with statements of results 
of tests are furnished by the Director of the Institute. 
The director’s results of his laboratory work and 
his reports on the results are based on the sample 
of water received by him. If the report and results 
are to be relied on to form an opinion of the water 
whether such opinion is required for determining 


(1) the suitability of water for potable purposes, (2) v 
the efficiency of the purification works of an existing 
water supply scheme, and (3) the condition of the 
distribution pipes of a water works scheme, it is 
essential that the specimen must be the right 
sample. A sample of water taken at the wrong 
spot, at the wrong time and with erroneous methods 
of procedure while taking it when analysed and 
reported on by the Director of the King Institute 
is sure to land all concerned in serious difficulties. 

I will describe some of the possible results of bad 
sampling of water. In regard to new proposals, by 
relying on the results of a bad sample, you may be 
driven to the necessity of abandoning a near source 
of supply or proposing costly purification works. 
For want of funds to adopt the farther source of 
supply or to provide costly purification works, the 
proposal for water supply may be thrown in that 
shelf labelled “ Proposals shelved for want of funds ” 
in which we have already recorded a lot. It is not 
sanitarily safe to record any more in this shelf. A 
really suspicious or unusable water might be certified 
by bad sampling as ‘ good water.’ The consequences 
in such cases will result in the opposite of the benefits 
contemplated by the introduction of a water supply 
scheme. The results of bad sampling of water from 
existing water works lead to the people and local 
authorities being over-confident of the purity of 
their supply, in spite of the warning of the 
general health conditions in some cases. ^ In 
others, unnecessary concern and anxiety sometimes . 
supplemented with proposals of a costly nature for 
improvement result. In the case of Gudiyattam 
water works which I have described at length in a 
previous lecture, the water is the sub-soil water of 
a river. According to rules, three samples of water 
are usually analysed, viz., (1) unfiltered water, 

(2) filtered water and (3) tap water. In this case 
what is intended for the sample of ‘ unfiltered 
water ’ is the surface flow of the river at site of 
gallery, if at the time the sample is taken 
there is surface flow. If then, there is none in the 
river, I am not to take a sample of water from a 
disused or polluted tank in the town because 
(1) “ the tank is at Gudiyatham,” (2) “ the water in 
it is unfiltered and fully answers to the description 
given in the printed statement given to me ” and 

(3) “ the previous records shew no instance when 
the sample of unfiltered water had not been taken.” 
But I would enter opposite the heading “ unfiltered 
water,” the following remark, “no surface flow and 
therefore no sample is furnished.” As regards the 
sample ‘ filtered water’ I would take the sample of 
water in the collecting well, suction well or the 
tap in the pumping house in the manner described 
later on, 1 would not label this sample blindly as 
‘ filtered water’ but the label will be “ water after 
passing through infiltration gallery taken at....». 
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No filter works in the acheme.” Regarding the 
sample of tap water in the town, I will not take a 
sample from a ‘ cattle trough or an open cistern in 
a market/ The results of this sample are intend- 
ed to disclose the condition of the distribution 
pipes. This sample should be taken afkr having 
the pipe scoured out according to instructions 
furnished by the Sanitary Bagineer to the Govern- 
ment of Madras. Let me now generalise and 
trust you wit! remember the following essential 
conditions. A. Existing works: 1. Unfiltered water: 
(ft) Source of supply, storage tanks, surface flow 
of streams, rivers, canals, and chaunela : The 
sample should be taken just at or near the exist- 
ing or proposed draw off arrangements some 
distance from the banks, some 3 or 4 feet below the 
water surface or at mid-depth if depth of flow 
is less than 3 feet, excluding any floating scum and 
avoiding the stirring up of mud ; if sedimentation 
or setting tanks exist, a further sample taken at 
the outlet chamber of the tank should be furnished 
to the analyst ; ib) source of supply, underground 
flow from infiltration galleries, infiltration wells, 
located in the beds of rivers ; if there is surface flow 
at the time of sample taking, take the sample just 
at or near the gallery or well, soma distance from 
the banks, some 3 or 4 feet below the water surface 
or at mid-depth if depth of flew is less than 3 feet 
excluding any floating scum and avoiding any 
stirring up of mud. If at the time samples of water 
are taken, there was no surface flow, enter the re- 
mark, no sample of unfiltered water is furnished 
as there is no surface flow in the river on.... (c) 
source of supply, un lerground flow from infiltration 
galleries or wells located on river margins or other 
areas of water bearing stratum ; no sample should 
be furnished but the following remark should in- 
variably be entered, “ no sample of unfiltered water 
is furnished as the supply is drawn from a gallery 
or well located outside the beds of rivers.” 11. 
filtered water : (ft) Schemes provided with sand or 
mechanical filters : In these cases take the sample 
from the tap specially provided for the purpose at 
each place after allowing the first water to run to 
waste for at least 15 minutes. Do not scoop up the 
scum at the outlet chamber of a sand filter and 
designate the sample as ‘ filtered water.’ (6) Wells, 
collecting chambers of infiltration galleries : Always 
enter the remarks “ Well water ” or “ Water 
after passing through infiltration gallery taken at 
‘ sample tap ’ provided for the purpose.” If samples 
are necessarily to be taken from wells, take the. 
samples at least 2 feet below the surface water 
level. If sample taps are available, take care to ruh 
to waste the first flow for at least 15 minutes 
before the sample is drawn. IIL Tap water : Take 
the sample from a tap after scouring the supply 
pipe in the usual manner described in a subsequent 


paragraph and after the first flow of water from the 
tap is allowed to run to waste for at least 15 minutes. 
B. Samples for new proposals: I Sarfaoa water from 
tanks, streams, rivers, canals and channels : Samples 
should be taken exactly as described for A. I (ft) 
above. IL Water from bore-holes : The following 
are extracted from Mr. Hutton’s printed Circular 
dated February 1903. (a) For three days prior to the 
date when the samples are to be taken, the water 
in the bore-hole should be pumped oat steadily by 
continuous pumping for at least six hours each day 
by a suitable hand pump. (5) Care should be 
observed that the rate of discharge of the pump 
does nob exceed the rate of inflow into the bore-hole. 
As a rule, the reduction in depth of water in the 
bore- hole should not exceed 3 feet to avoid in-draw- 
ing of sand and earth in tbe bore-hole, (c) Im- 
mediately before taking samples, the water in bore- 
hole should be pumped for at least three hours. 
id) It is expected that the sample taken after such 
continued pumping will be clear and free from 
oontammation. Before filling the sample bottles, 
the water from bore-hole should be taken in a 
clean glass tumbler and examined. If tbe water 
is not clear, then tbe pumping should be con- 
tinued slowly and very steadily till clear water 
is obtained. In some cases, it may be ultimately 
necessary to accept samples which are nob clear, 
(e) The samples should only be taken as a general 
rule when water in glass tumbler is seen to be clear 
water. III. Water from existing or experimental 
new wells: (a) The water in wells should be 
pumped out dry, and bottom of well thoroughly 
cleared of silt, debris, etc. lu cases where sufficient 
powerful pumping plant cannot be made available 
and when it is impossible to empty tbe well with 
ordinary kavailais, picottahs or hand pumps, the 
well water should be pumped continuously for a 
period of 7 days working at least 8 hours daily 
keeping head of water as low as the available 
pumping power would permit, In cases where 
powerful pumping plant is available, clean the well 
of silt and debris after emptying the water in well 
and pump the water in well with a steady head of 
5 feet for 3 days continuously, {b) Immediately 
before taking tbe samples, the water in well should 
be kept, by pumping for 3 hours, at a constant head 
not exceeding 5 feet, (c) Before filling the sample 
bottles, the water from well should be taken in a 
clean empty bottle and examined to ascertain if 
clear water, as judged by the naked eye, is obtain- 
able. id) The samples should be taken at a depth 
of 1 or 2 feet below the surface level of well water. 

General Rules Regarding Sampling Of Water. 

1. Before proceeding with the preliminaries to 
taka the samples for quality tests, ascertain from 
the analyst as to date which will suit him to carry 
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onfi the necessary tests. As the analyst has usually 
a number of samples to be tested, always suit to 
his programme and send the sample to reach him 
exactly on the date fixed by him. (2) The filled 
sample bottle for Chemical analysis should be 
labelled as follows : (a) Description of place and 
scheme, {b) Description of water, ie., water of 
tank, canal, channel or stream, well or bore-hole as 
the case may be. (c) Date of Collection, {d) Eefer- 
enoe letter ¥o. and date, ie) Signature and designa- 
tion of officer taking the sample. (3) The sample 
for Chemical analysis should be packed in a deal- 
wood box and should be forwarded to the analyst 
by the earliest mail train or by bearer and the bpx 
itself should bear legibly on the outside. “By 
“ Bearer,” or “ By Mail,” “Top ” “Glass with care,” 
“ Train-Paid,” “ Water sample for chemical analy- 
sis,” and address of the analyst, with sender’s 
address on the left hand corner. (4) The samples 
for bacteriological tests, should be taken exactly as 
per following instructions in the circular furnished 
by the Director of the King Institute, Guindy. 
“l. The bottle is forwarded in the original wrapper 
in which it was sterilised. The wrapper should not 
be removed until the instructions have been read. 

2. On reaching the source of water, and nob before, 
the upper part of the wrapper should be torn open 
so as to expose the neck of the bottle. Avoid touch- 
ing any of the contained parts with the hand. 

3. Place the piece of paper torn off turned with 
its sterile side upwards. 4. Steadying the bottle, 
by grasping outside the wrapper, loosen the stop- 
per with the finger and thumb taking care nob 
bo touch the neck and place it on the torn sterile 
paper. 5. (a) In the ease of tap, allow the water 
to run down at least 5 minutes before the bottle is 
opened and sample colleoted. (b) In the case of 
a well attach a long string bo the end of the sterili- 
sed string which will be found tied round the neck 
and lower the bottle into the water and allow it to 
become nearly fall. 6, Eaisethe bottle and replace 
the stopper taking similar precautions as when re- 
moving. 7. Place bottle on the ground, screw home 
stopper, replace the sterile paper and tie on with 
string. 8. Label outside the wrapper.” (5) The sample 
bottle should then be packed in a dealwood box 
with plenty of ice and despatched always by bearer 
who is to be instructed to replenish the ice now and 
then till it reaches the laboratory. (6) Every sample 
of water should be sent in separata dealwood boxes 
superscribed, “ Top”, “ Glass with care,” “ Sample 
for bacteriological examination.” The following 
particulars should also be given in the superscrip- 
tion : 1. Description of place and scheme ; 2, de- 
scription of water, ie., water of tank, canal, channel, 
river, or stream, well or borehole, as the case may 
be ; 3. date of collection ; 4. reference letter, number 
and date ; 5. signature and designation of ofiBicer 


taking the sample ; 6. address of the analyst. A 
card board with above particulars may be nailed to 
the top of the box. (5) Bottles for samples should 
ha obtained from the analyst. (6) With the 
forwarding letter, the printed form obtainable from 
the Director of the King Institute should invariably 
be filled in and submitted. The particulars of this 
form are as follows. A. General : 1. Sample from : 
2. Sent by : 3. Oolleeted on : 4 Source of water : 
W Tank or Lake : (b) Pipe (from a tap] : (c) Eiver, 
stream or channel: Spring: (e) Cistern or 

reservoir : (/) Well (shallow or deep) : 5. Position 
of source and nature of the soil in which the source 
is situated, (a) gravel, (b) sand, (c) rock, (d) mud and 
(e) clay. 6. Possibility of impurities reaching the 
water, (a) Distance of the source from the nearest 
habitation, stable or cow shed : (b) Distance of 
the source from cesspools, drains, sewers, etc,: 
(c) Distance of the source from middens, manure 
heaps : {d] Distance of the source from cultivated 
land, wet or dry cultivation: 7. Meteorological 
conditions : (a) Eainfall, if recent: [b] Drought. B. 
Special: 1. If Pipe: (a) Main pipe; (5) House 
pipe ; (c) When was the pipe last renewed ? {d) The 
source of the water conducted by the pipe. 
Sources : 2. If Tank or Lake {a) Supplied by rains, 
channels, streams or washings : (5} Nature of the 
eollecbing surface, pervious or impervious ; (o) 
Condition of the tank: Built with stones and 
ehunam or mud : id) Presence of any parapet wall 
preventing washings: ( 5 ) Nature of the access to 
animals or men, if any : if) Any watch kept over the 
tank : 3. If Eiver, Stream or Channel : (a) Water 
perennial or lasting for a short period : ih) Floods, 
common or rare : (c) Distance of the nearest place 
UD the stream where any drainage is led into it : id) 
Nature of the banks of the stream (any existence 
of burial-ground or cultivation) : 4. If Spring ; (a) 
Land spring (water through porous soils such as 
sand, gravel or alluvial earth overlying impervious 
strata). (Springs in dry rivers should also be in- 
cluded in this.) ib) Main spring (water through 
thick masses of porous rock) : (c) Intermittent or 
bournes (usually found in valleys bounded by hills 
on one side, disappearing during summer) ; 5. If 
Cistern or Eeservoir : (a) Nature of the material with 
which it is built : ib) Open or close ; ( 0 ) Access to 
men and animals : id) How many times in a year 
it is cleaned : (e) Process of cleaning : (/) Original 
source of water. (Details of this should be entered 
in its place.) 6. If Well : ia) Depth : (Measure- 
ments taken soma time before will do or else 
samples should be taken before measurements are 
taken.) ib) Sbrata through which sunk : (c) Nature 
of the steining : id) Staining, perfect or imperfect : 
ie) Depth to which staining is done : if) Depth of 
water: (^f) Open or closed. If closed, nature of 
material of the covering ; ih) Any pump attached : 



mm SUPPLY. 


159 


(*) Access to men : 7. Signature: 8. Date: 9. Bank : 
10. Designation. 

Int6i?pi?6tation Of Eesults Of Quality Tests. 

Wban the report and results of a sample water 
are unfavourable and differ from your preconceived 
ideas of the purity of the sample, never attempt to 
criticise the methods of the laboratory work of the 
analyst bu!; locate errors, if any, to the right 
corner, viz . : the method of the sampling of water. 
The bacteriological results of water are judged from 
the following tentative standards for the Madras 
Presidency proposed by Major Clemesha, LM.S. 
(1909). “ Good lake water, less than 100 colonies 
per cc. on agar at 37^ 0. No lactose fermenting 
organisms in 20 cc. No non-resistant organisms 
in 50 cc. Bacillus laetis serogenes plentiful. 
Usable lake water: Less than 200 colonies per cc. 
in agar at 37^ G. No lactose fermenting organisms 
in 5 CO. No non-resistant organisms in 20 cc. 
Bacillus laetis serogenes, very plentiful Unusable 
lake water: Bacillus coli found in 1 cc. Faecal 
organisms present in proportions similar to those 
of fresh. Bacillus laetis aerogenes, few or absent. 
Good river water : Lass than iOO colonies 
per cc. No bacillus coli in 50 cc. Faecal organisms, 
not more than 1 in 10 cc. Usable river water: 
Less than 300 colonies per co. No bacillus coli in 
20 cc. FiBoal organisms, not more than 1 in 1 cc. 
Unusable river water : 800 colonies per cc. Bacillus 
coli 1 in 5 oo. Lactose fermenting organisms 
10 per cc. Numerous varieties of faecal organisms. 
Deep waters : Less than 50 colonies per cc. No 
bacillus coli in 100 cc. No faecal bacilli in 20 cc.” 
All filtered water should shew results of the water 
classed ‘good’ in the above table. If not, the 
filter is not doing its work properly and action 
requires to be taken to put right defects in its 


working. If -tap water results shew deterioration 
in bacteriological purity from filter effluent, then 
the conclusion to be drawn is that slime and salt 
in pipes exist and the pipes need scouring. The 
chemical results are judged from the following 
standard table extracted from the 1911 edition of 
McNally’s Sanitary Handbook. “In a good water 
the various constituents should not exceed these 
proportions : Total solids should be under 10 parts 
per 100,000 ; ia) fixed ; salts of metals, silica ; 
ib) volatile (organic matter, ammonia, nitrites, 
nitrates) should be under lo parts per 100,000. 
Chlorine, lo to 3 parts per 100,000. Hardness, 
total, 30 parts per 100,000 or 21 degrees (Clark’s 
scale). A good soft water contains less than 
5 Darts per 100,000. Permanent hardness under 
3 parts per 100,000. Nitrates; less than I'd parts 
of nitric acid per 100,000. Nitrites, nil Free 
ammonia, *002 to *005 parts per 100,000. Albu- 
menoid ammonia, ’005 to *01 parts per 100,000. 
Sulphates, under 3 parts per 100,000. Phosphates, 
a trace. Total combined nitrogen (nitrates, nitrites, 
ammonia), under *4 parts per 100,000. Oxidisable 
matter (oxygen absorbed in 15 minutes at 80° F. 
from potassium permanganate.), *05 to *1 part per 
100,000.” In the case of samples of water for pro- 
posed water supplies, the interpretation of the 
results by Local Bodies and engineers is a simple 
matter for the Director of the Institute invariably 
pronounces an opinion whether the water from the 
proposed source is suitable or not for development 
of a public protected water supply. 

Rainfall Statement. 

From rainfall statistics which are available for 
the Presidency, a statement of rainfall for the 
station nearest the proposed source of supnly should 
be furnished. Tne following is a specimen of this 
statement. 
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WATBE SUPPLY: INSPECTION OF SOUECES OP SUPPLY AND DETEE- 
MINATION BY INSPECTION AS TO THEIE SUITABILITY FOE 
DIETETIC PUEPOSBS. 


Sources Of Supply. 

Eain is the primary source of supply. Of the 
total amount of rain which reaches the surface of 
the ground, a nortion evaporates, a certain quantity 
flows off the surface and the remaining quantity 
percolates through the interstices of the soil. The 
temperature and humidity of the air are the factors 
which account for the portion of water evaporated 
from the surface. The permeability of the soil, the 
slope of the ground and the amount of vegetation 
are factors which affect the quantity which flows 
off the surface. When this water is used for water 
supplies, we store them in tanks as in the case of 
the towns of Adoni, Yizagapatam, Madras, Ootaca- 
mund and Salem, or we utilise the supply from 
artificial canals as in the towns of Coconada and 
Kurnool. Natural outlets, such as springs and 
artificial tappings of the subterranean supply (see 
fig, 22, plate 150) by means of wells, infiltration 
galleries, tube wells, and artesian wells are the 
results of the quantity of rain which percolates 
into the soil and forms the underground sources of 
supply. The towns of Yizianagram, Tanjore, 
Trichinopoly, Madura, Dindigul, Conjeeveram, 
Nellore, Bezwada, Guddapah and Gudiyattam are 
supplied from wells and infiltration galleries. The 
different sources from which water supplies may be 
obtained have been classified by the Rivers Pollu- 
tion Commissioners as 1. spring water, 2. deep 
well water, 3. upland surface water, L stored 
rain water, 5. surface water from cultivated land, 

6. river water to which sewage' gains access, and 

7. shallow well water. Spring water and deep well 
water are classed as very palatable wholesome 
waters. Upland surface water is considered as mode- 
rately palatable and wholesome, while stored rain 
water is moderately palatable and is classed under 
‘ suspicious waters.’ Surface water from cultivated 
land belongs to the class of suspicious and palatable 
waters. Palatable and dangerous waters are river 
water to which sewage gains access and shallow 
well water. In this Presidency water is dra n 
from the following sources for a town water supply: 
1. The subsoil water of a river. 2. The surface 
water stored in storage tanks from canals. 
3. Tanks. 4. Infiltration galleries and wells in 
sandy strata outside the river beds. 5. Wells and 
springs. 


Suitability For Beyelopmeat Of Water Supplies. 

In the case of tank water supplies, the areas the 
drainage of which forms the source of supply to 
the tank are called ‘ catchment areas ’ ‘ gathering 
grounds,’ or ‘upland surfaces.’ The geological 
formation and surface conditions of catchment 
areas from which the water is collected affect the 
character of water in the tanks. Marshy ground, 
as it holds the product of decay and numerous 
insects and animalcula, and peaty land, as the 
water of which contains acids (humic and ulmic) 
due to decomposition of vegetable matter in the 
absence of oxygen, are not suitable gathering 
grounds. It is not possible to find a gathering 
area which is altogether free from possibility of 
some sort of contamination. In the case of a 
catchment area of a drinking water supply tank, 
the following sanitary points should receive atten- 
tion: 1. The area should, if possible, be fenced 
in by an impassable fence, but in any case the 
area should be strictly conserved and supervised. 
2. No habitations within the area should be allow- 
ed. 3. No cultivation of the land should be permit- 
ted. 4. The supply channel to the tank from the 
catchment area should be frequently inspected and 
kept clear. In the case of water supply works 
consisting of infiltration galleries or wells in the beds 
of rivers, it is usual to select a site above which 
there are no villages for a distance of miles 
(preferably 3 miles) as a minimum, as it is usually 
impossible to find a site with no villages above the 
point of draw off# There are instances of sites of 
galleries in which villages within one and half miles 
exist. In these cases, provision is made to divert the 
drainage from these villages to discharge at a point 
on the down stream side beyond a minimum distance 
of half a mile. There should be no burning or burial 
grounds especially the latter for a distance of 3 miles 
on the up stream side and for a distance of half a mile 
on the down stream side. In the case of canal 
water supplies, the site selected for the tanks to 
store water to tide over the periods when the canal 
is closed should have no burial or burning grounds 
for a radius of half a mile and should not receive 
the drainage of surrounding areas. The site should 
further be suitable for the location of the storage 
tank and other bead works from an engineering point 
of view. The requirements for sites of wells will be 
discussed under wells in a subsequent lecture, 
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WATEE SUPPLY: METHODS OP PILTEEING AND PUEIPYING SMALL 
QUANTITIES OP WATEE AND OP OTHEEWISE EENDBEING IT 
SAPE POE DOMESTIC USB. 


Sand Filters. 

There is bo doubt that it is impossible to 
obtain a filtrate from sand or other filters which 
will satisfy ideal Gondition,s or opinions of some 
medical experts. The object aimed at is not to 
satisfy the above condition but it is to obtain a 
class of water which is good for drinking purposes. 
Tank waters, surface waters from canals and 
perennial rivers require to be treated on filters 
before they can be distributed in the town. In the 
present day, sand filters and mechanical filters are 
the two classes of filters generally adopted. The 
sand filters are usually of type shown on plate 185 
and consist of cisterns in which are laid filtering 
materials. The filtering materials take up a depth 
of 5 feet. Over the top of the filtering materials, 
the depth of water in the filters is usually 3 feet. 
In an appendix are given the methods of starting 
and working these sand filter beds, I may, 
however, here state 1. that the area of filter 
beds is determined on the basis of one square yard 
per 450 gallons to be filtered in a day of 24 hours ; 
and 2. that one of the beds should be in reserve. 
In some books, it is stated that the area to be pro- 
vided is on the basis of 600 to 700 gallons, but 
experience in Madras has shown that this rate 
should not exceed 450 gallons per square yard. 
It would be advantageous if the rate is limited to 
400 gallons per square yard. If two beds are 
provided, one should be in use, the other in reserve ; 
similarly if three are adopted, two should be in. 
use and one in reserve. As a rule, 4 beds are 
provided, the area of three beds being sufficient for 
town requirements while the fourth is always 
kept in reserve. 

Mechanical Filters. 

There is no doubt as to the efficiency of the more 
generally adopted slow sand-filtration process as 
extensively employed for large supplies where it is 
carried out under careful supervision and control. 
With lack of supervision and control, efficiency in 
the purity of water after passing it through sand 
filters is of course impossible. The mechanical filtra- 
tion of water for purposes of public supply has been 
practised for many years past in America and in 
Europe, but it is only now that we are beginning to 
introduce this method of purification in India. 
There are various types of mechanical filters in use, 


for example, 1. those depending on straining action 
only; 2. those combining coagulation and subsi- 
dence with straining worked either as gravity filters 
or under pressure ; and 3, those utilising the oxidis- 
ing elfect of the imprisoned air by pumping in 
water under pressure and then taking out suspend- 
ed impurities by mechanical straining. As types of 
mechanical filters may be mentioned the Jewell 
Filter, the Paterson’s Filter, and Mather and 
Platt’s Filter, the Bell Filter and the Gandy 
Filter. In the Jewell system, a coagulant is added 
to the water before it passes to the filter. The 
coagulant is usually sulphate of alumina. After 
the addition of the coagulant the water is allowed 
to move (very slowly) through settling tanks in 
which deposition of suspended particles takes 
place, the bacteria being at the same time reduced 
by from 40 to 70 per cent. The water passes 
from the settling banks into the filtering sand which 
is contained in cylindrical drums. The sand is 
about four feet in depth. The presence of the 
coagulant in the water causes the formation of 
a gelatinous film, on the surface of the sand, 
through which water is forced at a rate of 2,000 to 
3,000 gallons per square foot of surface in 24 hours. 
The leading features of the Jewell filter are : the 
negative head, the screen system, the uniform rate 
of flow and automatic control of the water level 
over the filter bed, and the rate of filtration, a weir 
around the filter tank for the removal of the 
dirty wash water, and the arrangement of valves by 
which the working of the filters is controlled. The 
rapidity of flow is obtained by use of a considerable 
head of water, 6 to 14 feet, of which, however, only 
two feet are above the sand, the remainder being 
represented by negative head. The Paterson 
Filter and the Bell Filter are on much the same 
principle as the Jewell Filter. The Bell Filter is a 
very useful filter for the purpose of removing 
sedimentary matter but its efficacy is not so great 
as regards micro-organisms as is the case with the 
Jewell and the Paterson types. Mather and Platt’s 
pressure filters consist of closed cylindrical tanks, 
with sloping sides and domed top and bottom, sup- 
ported on four cast iron legs. An annular channel 
through which the unfiltered water enters from the 
inlet valve is fitted at the upper part of the cylinder. 
This channel also serves the purpose of carrying 
off the dirty water when the filter is cleaned by 
reversing the direction of flow. The filtering 



WATER SUPPLY. 


materiai consist of quartz crystals in graded layers 
with the finest at the top. The Candy Filter con- 
sists of steel cylinders into the npner part of which 
water is pumpei under pressure and filtered down- 
wards through about 5 feet of sand and gravel with 
which are combined a material of a depth of 2 feet 
in the thickness, called ‘ osidium These filters 
are considered specially suitable for waters con- 
taining iron in solution or suspension. 

Domestic Filters. 

It is unnecessary to refer here to the old system 
of sand and charcoal chatty filters as it is now 
some years since this method has been given up 
on sanitary grounds. Of the present domestic 
filters now in use may be mentioned : 1. The Berk- 
feld and 2. the Pasteur (Chamberland) filters. The 
objects for which domestic filters are employed 
are: 1. for removing visible suspended matter, 
2. for arresting bacteria, and 3. for modifying the 
chemical composition of the water itself. From a 
sanitary standpoint, it is of no practical -use to 
consider the effect of a filter on the chemical 
composition of a natural water. There is no 
practical evidence to show that the chemical 
treatment by a domestic filter has produced 
any modification in the original water to consi- 
der the filtrate more wholesome or less dangerous 
than the same water before it had undergone 
such chemical treatment. Practically speaking, 
few domestic filters do more than remove 
suspended matter. As regards the arresting of 
bacteria, it may be said that the passage of 
bacteria through the pores is not caused by mere 
pressure of water but is probably due -to tbe 
growth of bacteria in the pores of the filter under 
the influence of substances favourable to their 
development, Tbe nature of tbe bacteria also in- 
fluences to a considerable extent their growth. 
Too much reliance should not be placed on the 
efficacy of domestic filters. It may however be 
stated that the Pasteur filters have been tested 
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under conditions permitting accurate record with 
the result that they are efficient in arresting 
pathogenic bacteria contained in drinking water. 
Whenever domestic filters are employed, care 
should be taken to brush off the suspended matter 
accumulated on the surfaces of the filtering mate- 
rials and to sterilise the filtering medium every 
third or fourth day. Tbe best and the most re- 
liable procedure to ensure safety of drinking water 
by any individual is to sterilise it by means of heat, 
the water being afterwards allowed to cool by 
natural means. 

Design For I Scour Pipe: Plate 183. 

In the above plate is illustrated the type design 
No. 135 issued with proceedings of the Madras 
Sanitary Board No. 528-S., dated 23-942 and 
No. 270-S., dated 23-4-13. The specification report 
which accompanied this design was as follows : 
The results of analyses of the pipe distribution 
system of existing waterworks show in many 
cases the necessity for thorough and systematic 
scouring of the distribution lines. 2. The scour 
pipe arrangements required are shown in the type 
design. 3. The scouring should generally be done 
at times of greatest pressure, that is, during the 
night or period when least water is drawn ; the 
pumping plant, if any, being specially worked for 
this purpose, 4. The intervals between periods of 
scouring should not exceed 10 days. 5. The T scour 
pipe being laid vertically downwards and the 
discharge end being above ground will result in 
efficient scouring action, and will also prevent foul 
air and matter being in -sucked into the mains. 
6. The pipes and fittings are of the usual types and 
call for no remarks. 7. In cases where the scour 
is discharged into existing street ditch side drain, 
the drain should be pitched with stone for a distance 
of 10 feet on either side of point of discharge. 
8. The diameter of scour branch should be half 
diameter of main pipe plus one inch subject to a 
minimum diameter of three inches, 



WATBE SUPPLY: CONSTEUCTION OB WELLS, TAMS, TUBE WELLS 
AND BOEINGS ; THE PEOPBE CONSTEUCTION OF WELLS TO 
PEEVENT THE INLET OF SUEFACE WATBE; THE CALCULATION 
OF THE CAPACITY OP A WELL AND THE AVBEAGE SUPPLY OP 
WATEE LIKELY TO BE OBTAINED FEOM IT; THE METHOD OF 
DEIYING TUBE WELLS, THEIE USB AND THE POSITION IN 
WHICH SUITABLE ; CALCULATION OF CAPACITIES ; CONSTEUC- 
TION OF SMALL CISTEENS AND TANKS POE STOEAGE OF WATBE. 


Weils. 

There are usually three classes of wells, vzjs;,, 
1. shallow well, 2. deep well, 3. artesian well, which 
is simply a variety of a deep well. In fig. 22, plate 
150, is given a diagram showing ground water, deep 
water, spring, stream and different kinds of wells. 
Wells sunk into superficial beds of sand or other 
permeable stratum are called shallow wells. In 
many villages, shallow wells are the usual sources 
of supply. They are frequently polluted with sew- 
age in the most disgusting manner and by the 
manuring of the land. Water of a shallow well being 
clear, sparkling, and very palatable, is no indication 
that the water does not possess dangerous proper- 
ties. The water of a well is considered by the 
general public as safe water because it is ‘well 
water.’ The fact that the water during its passage 
of a few feet of a porous soil is freed of suspended 
matters but not its dangerous properties is not 
understood by most people. Where a shallow well 
is to be used as a source of supply, the following 
measures should invariably be adopted: 1. Up to 
summer water level, there should be a filling of 
broken stone or gravel to a width of 2 feet all round 
the steining, the top six inch layer of these being 
half inch size. 2. The steining above this should 
be filled all round with clay puddle to a width of 
two feet. 3. The clay puddling should be continu- 
ed below the platform for the entire width of the 
excavation of the well so as to form an impervious 
stratum with the object of preventing direct access 
of surface water into the well without passing 
through the natural ground. 4. There should 
be a platform at least 6 feet wide all round 
the well and a surrounding drain with a leading off 
drain at least 150 feet in length. 5. The inside of 
the steining and the exposed faces of the platform, 
parapet wall, drain, etc., above ground level should 
be plastered with cement. On a reference to fig. 22, 
plate 150, it will be observed that A is a super- 
ficial bed of pervioiaa saud or gravel ; B is ground 


water emerging at L as a spring, which finds its 
way to the stream M ; 00 is an impervious bed or 
stratum of clay; DD is a deep pervious bed of 
limestone or sand stone, forming in its lower part a 
large subterranean sheet or reservoir of water, EE, 
the level of which is 0,0, 0,0 ; EE is an impervi- 
ous formation .of solid rock supporting the mass of 
water, E, in the pervious bed, D ; GO ’ is a seam 
of gravel traversing the bed of clay 0, receiving the 
surface drainage at G, and giving rise in wet 
weather to a so-called land spring at G’ ; H is a 
house with privy and cess-pit which may pollute 
the ground- water B; I is a surface-well sunk 
into the ground water B ; K is a deep well 
steined as far as the clay so as to exclude the 
ground water, and tapping the subterranean water 
E ; N is an artesian well, in which, the mouth 
being below the line 0, 0, 0, 0, the water rises 
under pressure in the form of a natural fountain, 
requiring no pump as all the others do ; P is a deep 
well steined to exclude the land spring in GG’ ; Q 
is a well which, though drawing from the same 
source, and at the same depth as P, is technically 
a surface well, since it does not pass through any 
impermeable stratum. In determining the question 
of site for a well, the chief factor is the direction 
of flow of the ground water. If the groundwater 
becomes polluted by the existence of a cesspool 
or drain close by as shown at H, the water in 
the well will naturally acquire dangerous properties. 
The risks of such pollution are always greatest 
after heavy rainfalls when the level of the ground 
water is high and more likely to be brought 
into immediate contact with surface polluted 
water. The extent of influence depends upon 
pumping as shown in fig. 25, plate 151. On a peru- 
sal of this figure, it will be seen that while the rest 
level was EE and when the water is depressed 
from A to B, the influence will be communicated in 
all directions from the site as shown by the circles 
EE and 0 D depending upon the porosity or per- 
meability of the surrounding strata. The lines 
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EBB and lOB are termed the lines of depres- 
sion of ground water. Tbe length A E or the 
extent of the influenee of pumping is usually ex- 
pressed in the terms of the head of depression 
AB in figure. Sometimes the extent of infiuence is 
as much as 160 times the depth of depression. In 
cases where the surface flow is to be conseiwed, it 
is usual to provide a puddle wall as shown in 
fig. 24, plate 150. Where the well is provided with 
hand pumps it would be better to cover the weil as 
shown in plates 153, 154 and 155. However, if 
objection is taken to cover the well, it would be 
advantageous to extend the height of the staining 
above ground level to seven feet as shown in plate 
156. 

Examining Wells. 

In the examination of a well, the following 
points should receive attention: 1. Evidences, 
if any, of liquids finding their way through the 
steining. 2. The position of the pump and rising 
main. 3. The depth of water. 4. The distance 
of the water level from the ground surface. 5. The 
depression caused by pumping and the time that 
elapses before the original water level is restored 


after pumping ceases. 6. The surroundings and 
the distances from possible sources of pollution. 
7. The nature and dip of the soil and subsoil. 8. Tbe 
condition of tbe ground immediately round the 
well. 9. The method of disposal of waste water 
from tbe pump. 

Yield 0f Wells. 

There are two methods of testing the yield of 
wells, viz., 1. Discharge test and 2. Recoupment 
test. In the former, the water in well is kept 
at a constant head and the quantity discharged 
by continuous pumping at the constant bead is 
ascertained. The yield at different heads may thus 
be ascertained. This is not as reliable as the 
recoupment test. The recoupment test consists in 
lowering tbe level of water in well, dry or to consi- 
derable depths, by pumping and noting the rise of 
water in well at intervals of 15 or 30 minutes. It 
is essential for accuracy that the yield recoupment 
tests are carried out after a long drought, and the 
depression of water by pumping before recording 
the recoupments is considerable. The observations 
are recorded in statements as under : 



Specimen Of Yield Test Of A Weil. 

Normal summer water level = 11*26. Inside diameter of well = 10 feefc. 
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Note: — Head of water in feet, Ool. 7, is the difierenoe between water levels A, B and O and level of water at end of each period of observation, Col. 3. To 
asoertain the quantity of water in a well, take half the oircumfetence {in the clear) and multiply by half the diameter ; multiply the result by the depth, whioh 
gives the cubic measure ; then reckon 6 gallons and 1 pint to the foot cube. 
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Note : — Head of water, eolumn 5, is the difference between water levels A, B, 0, and water levels at end of each period of observa- 
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Well WateF Supply toangements : Plates 153, 
m IndlSS. 

In tbe above plates are illustrated the type de- 
signs Nos, 137, 138 and 139 issued v?ith proceedings 
of the Madras Sanitaiy Board No. 554-8., dated 
7th October 19.12. The specification report which 
acoompamed these designs was as follows : 1. The 
wells shown in tbe designs are roughly estimat- 
ed to cost Rs. 1,700 to Rs. 2,300 (plate 153), 
Rb. 2,200 to Rs. 2,800 (plate 154) and Rs. 10,000 
(plate 155). 2, It will be of considerable assist- 
ance to those who intend to construct wells if a 
description is given of the actual operations required 
and if special attention is drawn to the more im- 
portant points. 3. The type-designs illustrate two 
methods of constructing wells. 4. Site : The site 
of a w-ell should be selected bearing in mind the 
following important points : (l) The site should 
be as suitable for access as the expected supply 
of water and the state of the surroundings permit 
(2) Thera should be no stagnant pool of sullage, 
drain, or other permanent means of contamination, 
within 800 feet of the site proposed. ' Built wells : 
5. Excavation : The left hand illustration is a cross 
section of what is called a built well, and in con- 
structing this well the first thing to be done is to 
make an excavation down to the level which is at 
least 10 feet lower than the summer water level as 
disclosed by the result of a boring or by the opera 
tion of excavation itself. The cross section of the 
well in the type design shows a standard size of 
stepping of excavation but the actual form this 
stepping will take can only be judged from the 
behaviour of the soil at the site of the well during 
construction. 6. Borings : It may with advantage 
be remarked here, that for all wells of any import- 
ance it is better to put down a boring at the 
proposed site, before drawing up a proposal for 
sanction for the construction of a well. This 
boring besides giving reliable information as to 
the nature of the soil that will be met with during 
the excavation, thus enabling an estimate to be 
accurately prepared, also gives tbe even more im- 
portant data as to the depth, quality, and quantity 
of water likely to be available at the proposed site 
of the well The preliminary putting down of a 
boring should therefore, as a general rule, precede 
the submission of proposals for construction. Only 
in those cases where the site of the proposed well 
is surrounded by old wells, which yield a satisfac- 
tory supply, should tbe preliminary putting down of 
a boring not be insisted on. The excavation having 
been carried out to summer water level, the further 
deepening of the excavation should be done, the 
water met with being bailed out using chatties, 
pioottahs or steam or hand pumps as may be 
found necessary. 7. Steining : The steining of a well 


is the masonry lining to the excavation and is 
required to prevent the sides of the excavation 
slipping in. The steining usually takes the form of 
concentric and radial lines of brick or stone mason- 
ry courses, the circular form of steining being 
adopted not only to avoid corners but principally 
because this form is usually cheaper than any other. 
The steining of the well is then built up, the first 
portion from the bottom of the wall to summer 
water level being constructed of dry stone or brick 
in clay, or masonry in mortar, with a sufficient 
number of weep holes, as may be decided on. The 
space left between the steining and the excavation 
should be filled in with broken stone or pebbles the 
top six inch layer of these being half inch size. The 
remainder of tbe steining should be built in masonry 
in mortar as per type design. The filling in behind 
the steining should be carefully carried out, as the 
building of the steining proceeds, of materials shown 
in the type design, and special care should be taken 
that the clay puddle backing to the steining is 
actually done, the first part being placed on the top of 
the small stone backing and the rest against the out- 
side of the vertical steining. 8. As soon as the earth 
filling is completed the clay puddle layer- underneath 
the platform should be placed in position, ail layers 
of clay puddle beiag bonded into each other so as to 
form an impervious stratum and thus prevent direct 
access of surface water into the well without first 
passing through tbe natural ground. 9, The 
platform should be constructed at least 6 feet 
wide as shown in the design and a surrounding 
drain with a leading off drain at least 150 feet 
in length should be provided. The inside of the 
steining should be plastered with cement, in all 
cases where tbe nature of the steining permits 
which will be in the case of all wells constructed of 
brickwork. This plastering should extend the 
whole depth of the well steining as far as lowest 
summer water level. In the case of steining con- 
structed of rough stone, the joiuts should be pointed 
with cement down to summer water level when it is 
found impracticable to plaster this type of steining. 
10, Sunk well : A “ sunk well ” is used where 
the soil or sand at the site is easily removed 
by well sinkers. A “ built well ” is constructed at 
those places where hard or stiff soil exists which 
would resist the use of a “ sunk well.'*’ The first 
operation in constructing a sunk well is to make 
an excavation to summer water level. 11. Curb : A 
wooden curb is then made of three-inch planks in 
three layers and of a form slightly larger in dia- 
meter, about 2 inches, than the well to be con- 
structed. Tbe three-inch planks are used of 
different widths 8^s shown in the type design and 
are nailed together so as to break joint, An angle 
iron with edge downwards, and of circular shape 
slightly larger than the diameter of tbe curb, is then 
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fasfiened to tha lower plank of the wooden curb so 
as to form a cutting edge. Holding down bolts, i inch 
in diameter and about six feet long, are then bolted 
to the centra of the wooden curbs, the number of 
bolts being determined by the circumference of the 
curb and the spacing of the bolts which will be 4 
feet apart. 12. Steining : The curb is then placed 
in position at summer water level and the masonry 
to a height of 6 feet is then built and left to set. 
The requisite number of weep holes, that is to say, 
every 4 feet horizontal and one foot vertical distance 
apart, is provided when the lower portion of the 
steining is constructed of masonry in lime or cement 
mortar. After the masonry is set, bar Iron washer 
plates with suitable boles are placed over the hold- 
ing down bolts and screwed tight in position by the 
use of nuts. The soil inside the well and under 
the curb is then scooped out by well sinkers who 
use bailing baskets or other local means of excavat- 
ing the soil The soil being scooped out from under 
the curb, equally on all sides, the well steining is 
gradually sunk to a depth of nearly six feet. More 
steining is then built on the first ring and left to 
set and the well sinking is continued until the 
requisite depth is attained. The steining is then 
completed, the clay puddle backing being carefully 
put in place with the remainder of the earth filling 
and the platform, leading off drain, and cement 
plastering completed as in the case of the built well. 
The platforms and parapets and inside surface of 
steining are preferably plastered with cement so as 
to provide a smooth and impervious coating : 
Type design for well with hand pumps : 13. A 
sanitary improvement on the pulley and bucket 
arrangement of the ordinary type of well is the 
provision of two or more hand pumps such as 
the semi-rotary type of the inch suction pipe 
size. There might either be 2, 3 or 4 of these 
pumps of which only one should be used at one 
time, the others being locked with a key, to be in 
the charge of the Union Chairman, so that when a 
pump gets out of order another can be quickly 
brought into use while the first is under repair. 
14. Those who desire to take water from a well 
would work the handle of the semi-rotary pump, 
backwards and forwards, and thus fill the brass or 
earthenware chatty with water which would then 
be free from the usual contamination caused by the 
bucket and rope. In the case of a well fitted with 
pulley arrangements, ropes and buckets, the distur- 
bance of the water in the well by the dashing of the 
buckets into it will prevent the breeding of 
mosquitoes or actually destroy the larva. In the 
ease of the well fitted with pumps, the water in the 
well will be in a quiescent state as it will not be 
disturbed by the operation of pumping and conse- 
quently the breeding of mosquitoes will not be 
prevented as in the ease of the bucket well, 15. It is 
22 


therefore necessary to devisa some means of cover- 
ing the top of a well so m to prevent not only 
contamination from outside but also the breeding of 
mosquitoes. The provision of wire gauze of fine 
mesh is not considered a suitable covering for a 
public well as the gauze is liable to be broken and 
left in a state of disrepair thus defeating the object 
of its provision. It is considered that the public wells 
should be permanently covered as they will require 
opening only at long intervals of time. A design has 
therefore been drawn up for a public well to be fitted 
with hand pumps either 2, 3 or 4 in number accord- 
ing to the importance of the well The well stein- 
ing is built up to a height of 7 feet aboveground to 
prevent people squatting on the covering, which 
they would do if it was at any lower level, and to 
make it inconvenient for any one to climb up and 
sit on the covering. The well is roofed with an 
ordinary terrace roof, the joist being small rolled 
steel or metre gauge flanged rails. 16. Provision ia 
made for a manhole cover consisting of a J inch 
iron plate bolted to tbe terrace. The bolts will be 
lewis bolts cemented into the roof. A clear open- 
ing of 2' 3" is provided as shown in tbe design. 
Ventilation of the well is not provided as there are 
objections to its provision. Wire gauze ventilators, 
if provided, would defeat the object of the covering. 
17 . The cost of each well varies with its dimensions 
and with local circumstances. It may however be 
stated that the cost of each semi-rotary pump fitted 
complete on a well as shown in the type design 
will be about Eg. 30. Type design for wells for 
the larger unions : 18. This type design shows 
instead of semi-rotary pumps, a strong hand pump 
to be worked by Union coolies so as to fill two iron 
tanks each of diD] 0 nsions 4' x 4' X 4.' The capacity 
of each tank is 400 gallons and as the two tanks 
are connected by a pipe the combined capacity will 
be 800 gallons. Each tank is provided with a tap 
so that water can be drawn from the tanks without 
the remainder being contaminated. Each tank is 
also provided with a looked-up manhole cover and 
a scour valve for cleaning purposes. 19, The top 
of the well is covered over so as to avoid contami- 
nation of the water, prevent the breeding of mos- 
quitoes in the still water, and prevent abstraction 
of water by the use of dirty ropes and buckets. 
20. The tanks and the pumps are placed on a 
suitable cemented platform provided with a leading 
off drain 150 feet long so that no stagnation of spill 
water will occur near the well. 21. The cost of a 
suitable pump and two iron tanks each of 400 
gallons capacity provided with i inch brass taps 
will be about Es. 800, in addition to tbe cost of 
the wdl, platform and leading off drain. Type 
design for well provided with a pump, reservoir and 
distribution pipes and fountains : 22. In this design 
a band pump to be worked by Union coolies is 
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provided so as to pnoap water into an elevated 
reservoir, whence it will be distributed throughout 
the Union by means of cast iron distribution pipes 
and fountains. The arrangement is shown in the 
plan which shows a masonry elevated reservoir, 
but iron tanks supported on pillars may be substi- 
tuted, for local reasons, if considered advisable. 
23. The cost of an ordinary well as shown in the type 
design, a hand driven pump, an elevated masonry 
reservoir, and one mile of distribution pipes and 
4 fountains may be taken as approximately 
Es. 10,000. 24. When the quantity of water to be 
lifted by the pump exceeds 30 gallons per minute 
and the lift exceeds 40 feet, a small oil engine driving 
a centrifugal or a plunger pump should be substitut- 
ed for the hand pump shown in the type design. 
25. Upkeep of wells : The upkeep of all wells should 
be carefully and strictly attended to. (1) All leaves 
and other floating matter which gather on the 
surface of water in an open well should be carefully 
removed immediately they are observed, and for 
this purpose public wells should be periodically 
inspected by responsible officials. (2) Semi-annu- 
ally the inside surface of the staining of all open 
public wells above lowest water level should be 
lime-washed using for the purpose burnt lime 
freshly slaked at the well site. (3) Cracks which 
may appear in the masonry subsequent to construc- 
tion and prior to the semi-annual lime washing 
should be filled up with cement mortar or cement 
grout. (4) When a pump gets out of order, a 
spare pump should be immediately unlocked for 
use and the former repaired by a competent fitter 
without delay. To enable this to be done, spare 
rubber washers, valves and nuts should be kept in 
stock by the Union Chairman, 

Arrangement Of Fixing A Hand Power 
Pumping Plant On One Side Of A Well : 
Plate 152. 

In the above plate is illustrated the design of a 
well to which is installed a kite motion railway 
pattern pump in a separate chamber built on one 
side of a well, As the summer water level in this 
case is 24 feet below ground, the pump barrel is 
placed in a pit by the side of the well so that the 
suction is not more than 20 ft. 

An Open Well With One Inch Semi- 
Eotary Pumps : Plate 156. 

In the above plate is illustrated the type design 
No. 144 issued with proceedings of the Madras 
Sanitary Board, No. 413-S., dated 26-6-1913. 
The specification report which accompanied this 
design was as follows : The well is shown open 
and the parapet wall is shown built to a height of 
7 feet above platform level to prevent easy access 
to the wen and so prevent contamination. An open 


well of this description might be built in places 
where the site was removed from roads, buildings 
and other sources of contamination and in the 
future, if then considered necessary, the well could 
be covered at a small cost. In the drawing, four 
metre gauge rails are shown close to the auction 
pipe to permit of easy access to the suction 
pipes of the pumps for repairs to the foot valves. 
Wrought iron steps inside the staining of the well 
are provided for access to the rails. The semi- 
rotary pumps are now shown in complete detail 
with measurements carefully checked from the 
sample well at the Sanitary Engineer’s office. 
The cost of a new well similar to that shown in 
the drawing, at Madras rates, will be Es. 1,500. 
Four one inch semi-rotary pumps are shown 
attached to the well ; of these only three will be 
in use at one time and the fourth will be a spare 
pump in reserve. For this purpose the handle of 
the pump not in use should be removed and 
kept in the custody of the Union Chairman. 
Specification for a semi-rotary hand-pump, one 
inch suction and one inch delivery. Pump casing : 
To be of cast iron and provided with two flange 
connections. Each connection to have a spare 
flange, provided with rubber insertion washer, bolted 
to the corresponding flange and screwed for 1" 
galvanised pipe. The casing to have two lugs to 
enable the pump to be bolted to the parapet wall of 
a well, as shown in the plan. The diaphragm, the 
valve boxes and the valves to be of brass. The 
pins for keeping the valves in correct position to be 
also of brass. The annular space in the valve 
boxes is usually filled with leather so as to obtain a 
water-tight fib between the boss of the diaphragm 
and the valve boxes. This space should be filled 
with fibre, vulcanised rubber or other efficient hard’ 
wearing material instead of tbe leather, which for 
religious reasons, is undesirable. Spindle and 
handle : The spindle to be of mild steel, the outside 
end being tapered on four sides and screwed to 
receive a handle. The tapered portion of the 
spindle and the boss of the handle to be of sufficient 
length to ensure a firm hold before the nuts are put 
on the screwed part of the spindle. The handle to 
be of iron as shown in the plan and covered with 
tough wood. The wood covering should be in one 
piece. The wooden casing should be of tough and 
durable wood such as beech or teak. Tbe end of 
iron handle to be provided with a small washer 
and riveted over to prevent the wooden casing 
slippiugoff the iron core. The handle to be 15" in 
length measured from the centre of the hole to receive 
the spindle. The hole in the boss of the handle to 
be square tapered and to accurately fit tbe tapered 
end of the spindle. The end of the spindle to be 
screwed to receive a nut and a check nut. Each 
pump to be complete with galvanised wrought iron 
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suction piping, foot valve and strainer and a small 
length of discharge pipe as shown in the plan accom- 
panying this spacification. The vertical length of 
straight suction pipe from bend to foot valve to be 
22 feet. The distance between the steining and the 
suction pipe to be 6 inches. Each pump should ba 
supplied with two long bolts with requisite nuts and 
an iron plate inside steining should be supplied with 
each pump as shown in the plan. General re- 
marks : The following remarks should receive con- 
sideration. The pumps are in^oded to be used in 
large numbers on village wells and the facilities for 
repairs will be few. It is therefore preferable that 
every opportunity should ba taken in the manufac- 
ture of this type of pump to ensure at a reasonable 
cost the hard wearing qualities necessary if fre- 
quent repairs and renewals are to be avoided. The 
following suggestions are made for the consi- 
deration of the makers : Should the usual leather 
or fibre joint for water-tight purposes between the 
boss of the diaphragm and the valve box ba made 
of anti-friotion metal ? Should there be similar 
anti-friction pieces at the ends of the diaphragm to 
permit of the renewal of a water-tight bearing and 
avoid the replacement of the diaphragm required 
as at present ? Spare parts : The following spare 
parts will be required in the proportion of 10 per 
cent, of the number of pumps ordered : (1) Valve 
boxes with valves, pins, and studs, complete. 

(2) Diaphragms with spindles, glands and nuts. 

(3) Handles with nuts and check nuts. (4) Rubber 
washers for joints for flanges aud cover for casing. 
(5) Bolts and nuts for flanges. 

List of fitter’s tools. 

s. d, 

1 box fitter’s tools (containing suitable 
tools for the repair of semi-rotary 
and other pumps at the District 
head-quarter workshop)... ...5 0 0 

1 standing vice (width of jaw 4") fitted 

to small portable bench made of 
wrought iron parts .... ... 2 10 0 

Note : Wrought iron or mild steel 
preferred as cast iron bench is more 
easily broken. 

2 bench vices (width of jaw 4") ... 2 12 0 

2 pipe vices for tubes F to 2" ... 1 5 0 

1 chain pipe wrench to take piping F 

to2r 0 12 6 

3 combined pipe wrenches and cutters 

to taka piping I" to 1" with three 

spare cutters for each wrench ... 2 0 0 

2 combined pipe wrenches and cutters 

to take piping li" to 2" with three 
spare cutters for each ... ... 1 15 0 

1 set taps and dies for screwing galvanis- 
ed piping f", 1", li", li" and 2" in 
box, complete ... ...6 0 0 


£ Si 

1 set taps and dies Whi^iwcrtii standard 

for screwing bolts and nuts I'*' to 

in box, complete ... ... 4 10 0 

2 one foot steel rules for filters, 0 3 0 

1 small box fitter’s tools containing, say, 

21 sultabh tools for executing small 
repairs to pomps at some distance 
from head-quarter workshop ... 2 5 0 
Note : This hex will be carried in 
a pony or trotting bullock cart. 


Total ... 28 12 6 


Abstract Of Quantities For in Open Well 
With One Inch Semi-Rotary Pumps: 
Plate 150. 


Quantity, | 

i 

Description of work. 

i 

4,165 c. ft. 

Earthwork, excavation and filling in, 

1,8-29 „ 

Oiay puddling. 

596 „ 

Brickwork in ehtinam with weep holes 
every 4' horizontal 2 feet vertical 
distances. 

1,029 „ 

Brickwork in chonam. 

1 102 „ 

Concrete in ohunam. 

;i,594 sq. ft. ... 

Plastering with cement, Y : S). 

! 6 c. ft, ... 

Cutstone work. 

! No. 4 

Wrought-iren steps. 

24 c. ft. ... 

S. 1. Railway old rails, 

12 „ ... 

Sinking 10 feet well 

No. 1 

Well curb for a 10 ft, diameter well 
made up of 3* planks in layers and of 
a form slightly larger in diameter, 
about 2*, than the well including angle 
iron cutting edge, holding down 
bolts, 6 feet high, etc,, complete, 

No. 4 

r semi-rotary pumps with bends, V 
wrought-iron tubes for suction, foot 
vahe, etc., including fixing complete. 

150 r. ft. 

6" leading ofi drain. 

Bailing or pumping during sinking. 
Unforeseen works, 6 per cent. 
Contingencies, 6 per cent, 

Petty supervision, 2| per cent. 

Total Es... 


A Deep Well With Pump ind iron Tank 
With Taps Or Masonry Reservoir With Taps : 

Plate 157. 

In the above plate is illustrated the type design 
No. 145 issued with proceedings of the Madras 
Sanitary Board, No. 413-S., dated 26-6-1913. 
Deep and shallow wells: When the depth of 
lowest summer water level in a well is more than 
20 feet below the platform level, the well should 
be considered a deep well and provision should 
be made for placing the pump barrels of a 
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pnmp below ground so that the total length 
of suction will not in the ease of double barrel- 
led kite motion railway pattern pumps be more 
than 22 feet measured from the foot valve on the 
suction pipe to the middle of the height of the pump 
barrel. Position of pump for a deep well : It has 
been customary especially in the ease of railway • 
wells to place the pump barrels in the well itself 
and also the A frame and working handles on a 
platform directly over the well. This arrangement 
in the case of wells the water of which is intended 
for human consumption is distinctly insanitary. 
The custom is to oil the gearing of the A frame to 
excess and the excess oil runs down the pump rods 
into the water of the well forming a scum. The 
presence of the working coolies on a more or less 
loose platform directly over the well also results in 
contamination of the well water and the whole 
arrangement is one which can only be excused for 
its simplicity and in oases where the water is only 
required for locomotive purposes and the washing of 
carriages. Proper position for a pump in a deep well : 
The correet position for a pump attached to a deep 
well is in a pump chamber by the side of the well as 
shown in the drawing. The depth of this pump 
chamber is determined by the rule previously given 
that the length between the foot valve and the 
centre of the pump barrel shall not exceed 22 feet. 
The depth of the foot valve in the well shall be 
determined by the available supply of water. 
The well itself should be deepened until it is 12 
feet below the assumed lowest summer water level 
and the foot valve should be at a height of 2 feet 
above the bottom of the well. Site of a well and 
method of construction : For information on these 
points readers are referred to the specification for 
type designs for wells, Nos. 137, 138 and 139 issued 
with proceedings of the Madras Sanitary Board 
No. 554- S., dated 7th October, 1912. The only 
alteration from the type designs referred to above 
is the provision of a metre gauge rail at the top 
of the vertical suction pipe to permit of easy 
removal and replacement of the suction pipe 
after repairs to the foot valve. Access to the rail 
will be by means of the step irons shown in 
the drawing as affixed to the steining of the well 
It will be observed from the drawing that the 
parapet of the well is shown 7 feet in height and 
the well is shown without a roof. Such a construc- 
tion is suitable for wells which are not located near 
an insanitary area and close to a road from which 
large quantities of dust would be blown into the 
well. In such cases the well should be covered as 
shown in type designs Nos. 137, 138 and 139. In 
cases where the well to be provided with a pump 
is an old well and where for this reason local 
prejudice would be averse to the covering of a well 
as in type-designs Nos, 137, 138 and 139 it is 


thought that it would suffice in the meantime if 
the parapet was raised to a height of 7 feet as shown 
in the drawing and the top of this new parapet 
was sharply sloped to discourage birds and 
animals from easy access to the well and also to 
avoid a collection of dust which would occur on 
the flat top of a parapet. In future, if required 
and considered advisable a close top as in type- 
designs Nos. 137, 138 and 139 can be added. 
Pump chamber : By the side of the well a small well 
or pump chamber shall be constructed 6 feet in 
diameter and of depth required by the instructions 
already given for position of pump barrels. Near 
the bottom of this pump chamber there will be two 
beams to which the pump barrels of the pump will 
be bolted. The suction pipe shall pass through 
the steining of the well at a height of nine inches 
above the floor of the pump chamber. The floor 
of the pump chamber will be of concrete and in 
this concrete a small sump as shown in the plan 
will be made to enable the spill water of the pump 
barrels to be pumped out of the chamber by 
moans of a small one inch semi-rotary pump as 
shown in the drawing, The pump chamber will be 
roofed with corrugated iron as shown in the 
drawing. At ground there will be two beams 
on which the A frame of the pump will rest. 
Other two shorter beams of lighter section will 
be provided and the pump chamber will be 
floored with one inch thick planks and a manhole 
will be provided for access to the pump barrels by 
means of an iron ladder. The beams on which 
the pump barrels rest and the beams which support 
the A frame will be provided with holding down 
bolts to prevent movement of the beams due to 
vibration when the pump is being worked. Kite 
motion railway pattern pump : The water from 
the well will be pumped into a reservoir provided 
with taps from which it will be taken by the 
villagers. Three coolies will be required to work 
the pump and three coolies will be in reserve ready 
to take the next shift. Each shift or period of 
working will be for one hour when the reserve 
coolies will relieve those working. The pump to be 
employed for deep wells will be a railway pattern 
kite motion double barrel pump of two inch suction 
and two inch discharge capable of pumping 800 
gallons per hour. A specification for the pump is 
attached. Eeseryoir provided with taps: The 
reservoir may either be constructed of galvanised 
wrought iron plates as described in the attached 
specification and shown in drawing or of masonry 
as shown in the same drawing. In both cases spill 
water platforms and leading off drains will be pro- 
vided to dispose of the spill water at a distance of 
at least 150 feet from the well and thus prevent the 
aoakage of contaminated water into the well The 
iron tank is shown provided with two taps while 
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the masonry reservoir has tan taps. If an improve- 
ment on shis arrangement is desired and funds 
are available the reservoir may be built elevated 
above ground sufficiently to supply a length of 
cast iron distribution main in the principal street 
of the village and as many public fountains as 
are required to limit the distance the people have 
to carry water to a maximum of 200 yards. Cost 
of improvements: This report is accompanied 
by a schedule of quantities made out for a new 
well according to the dimensions and conditions 
shown in the drawing. At Madras rates the cost 
of the proposals is estimated at (1) Es. 2,850 for 
an iron reservoir. (2) Es. 3.300 for a masonry 
reservoir. The cost of a well fitted with a deep 
well pump and a reservoir with taps will increase 
in proportion to tbe depth of the well required by 
local circumstances. The cost of working the 
pumps will also increase up to 100 per cent, 
according to the height the water has to be 
forced above the barrels of the pump. Specifica- 
tion for a double barrelled kite motion “ A” frame 
hand power pump. Frame : The frame shall be 
made of wrought-iron angles, firmly bolted to- 
gether to form the usual A shape frame. Four 
holding down bolts each eight inches long and each 
provided with a washer shall be provided with each 
frame. Crank shaft shall be of mild steel of suit- 
able diameter to run in gun-metal bushed plummer 
boxes. Tae wear and tear to be taken up by tbe 
usual wedge and screwed bolt adjustment. Fly 
wheel : A cast iron fly wheel of suitable weight and 
diameter to be provided. Handles : A handle to be 
provided on the fly wheel itself and a crank handle 
directly on the crank shaft. The handle to be 
securely fixed to the crank shaft by well-made bear- 
ing surfaces and suitable keys and key-ways, and the 
wooden casing of tbe handle to be so attached that it 
will not readily come off or split. Connecting 
rods and vertical guide rods to be of wrought iron. 
The guide holes in the top frame piece to be 
bushed with gun- metal The connecting rod ends 
to be provided with gun-metal bearings and suitable 
for adjustment by wedge and, screw bolt. Pump 
barrels and valve boxes and valves: The pump 
barrels to be of gun-metal three inches inside 
diameter of barrel and securely bolted to the 
wrought-iron frame of the pump. They must also 
be capable of being detached and placed if neces- 
sary in a pump pit some distance below the level 
of the frame head, The necessary pump rods 
for this contingency will be separately included 
in the indent. The valve boxes to be of gun- 
metal provided with easily accessible doors so 
that the vahes may be examined with the least 
possible trouble. The pump plungers to be of gun- 
metal without cup leather and in lieu thereof 
water recesses to be provided. The pump rod to 


be of Muntz metal and to pass through the top 
of the pump barrel through a suitable stuffing 
box and gland. The pump rod to be secured to 
the cross head by a suitable nut and cheek nut. 
Suction pipe, foot valve, and strainer : A suction 
pipe 2 inches in internal diameter and 22 feet in 
vertical length in four pieces each 5 feet 6 inches 
long to be provided. A foot valve and strainer to be 
provided with each pump. Two right angle bends 
and a short length of straight pipe as shown in the 
accompanying plan should also be provided. The 
piping to be best galvanised wrought-iron screwed 
tubing. Delivery pipe : Forty feet of delivery pipe, 
two inches internal diameter and three-quarter bends 
andoneU band, ail of galvanised wrought-iron tubing, 
to be provided with each pump. Spares : Ten per 
cent, spares of all working and wearing parts to 
accompany the supply of pumps indented for. The 
spares are for those parts which are likely to require 
repair or renewal due to fair wear and tear in, say, 
two years’ time, after the pumps are brought into 
use. Guarantee : The pumps shall be of similar 
pattern to that represented in Merryweather & Sons 
No. 8i7 N catalogue, figure 1671, section D, pag0396, 
and classed as Merryweather Patent India Pump 
for hand power or similar to the pumps supplied to 
the Southern Mahratta Railway by Hayward 
Taylor & Go. in 1889 and 1907. The pumps need 
not necessarily be supplied by these firms, but the 
pumps shall be similar, up to specification and 
guaranteed after trial by an inspector of the India 
Store Department to be pumps of first class work- 
manship and material and of hard wearing qualities 
and suitable for extended use in places where facili- 
ties for repairs are few and competent fitters for such 
are not easily obtainable. Eioh pump shall be 
capable of pumping 800 gallons of water per hour, 
when worked by three small men, each of equal 
power to an ordinary Indian coolie, without undue 
effort, at 30 revolutions per minute from a depth of 
22 feet suction and the water to be delivered to a 
height of 17 feet above the level of the centre of the 
pump barrels. Galvanised wrought-iron water tanks; 
Each tank shall be of dimensions 8' X 4^ X4' and 
shall be made of galvanised wrought-iron sheets 
3/16 inches thick and efficiently riveted so as to 
make the jointing of plates watertight. Each tank 
shall be provided with a closed top and a manhole 
opening provided with a cover capable of being 
locked. The manhole clear opening shall be 20 
inches in diameter and the opening shall be streng- 
thened by a wrought-iron angle ring. As shown in 
the plan each tank shall be provided with two 
galvanised iron bib cooks screwed or bolted into a 
flange riveted to the side of the tank. The bottom 
of the tank shall be dished to the extent of i an 
inch so as to draw all water in the tank to tbe 
centre. At this place a 2 inch galvanised iron stop 
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cock shall be provided to be opened by a soanner 
to enable the tank to be scoured out periodically 
when cleaning is necessary. There shall be a 
2 inch hole in the top of the tank at the side and 
four holes suitable for bohing up the flanged end of 
the U pipe which will be obtained with the pump 
as per pump specification and accompanying plan. 


Abstract Of Quantities For A Deep Well 
With Pump And Iron Tank With Taps Or 
Masonry ReserYoir With Taps : Plate 157. 


Quantity. 

Description of work. 

14,246 0. ft. ... 

Design with W. I. tack. 

Deep-well, 10 feet diameter, including 
pump, etc., as per details attached. 

Galvanized wrought iron tank, leading 
of drain, taps, pipes, etc., as per 
details attached, 

Unforeseen works, 5 per cent, 

Contingencies, 5 par cent. 

Petty supervision, 2^ pet cent. 

Total Es... 

Alternative design with masonry 
reservoir. 

Deep well, 10 feet diameter, including 
pump, etc., as per details attached. 

Masonry reservoir including leading off 
drain, taps, etc., as per details attach- 
ed. 

Unforeseen works, 5 per cent. 

Contingencies, 5 per cent. 

Patty supervision, 2^ per cent. 

Total Rs... 

Deep well, 10 feat diameter, 

Earthwork, excavating and refilling. 

94 „ 

Concrete in ohunam. 

596 „ 

Brickwork in chunam with weep holes 

1,728 „ 

every 4 feet horizontal and 2 feet 
vertical distances. 

Brickwork in ohunam. 

■2,153 sq. ft. 

Plastering with cement, thick. 

1 Na. 

Well curb, 10' diameter, made up of 3" 

12 r. ft. 

planks in three layers and cfa form 
slightly larger in diameter, about 2", 
than the 10 feet well including angle 
iron cutting edge, f" holding down 
bolts, 6 feet long, etc., complete, 
Sinking well, 10 feet diameter. 

23 pq. ft. 

Teak batten doors. 

23 „ 

: Do, windows. 

5 „ 

Ventilators. 

12 0. ft. ... 

Cutstone work. 

25 r, ft. 

S.L Railway old rails. 

4 0. ft. 

Teak timber, wrought and put up, 

36 sq. ft, ... 

Planking, V thick. 

50 lb. 

Iron-work, 

72 sq. ft. ... 

Corrugated iron sheets for roofing. 

12 r. ft. 

Ladder, 12* wide. 

12 No. 

Wrought-iron steps. 


Quantity. 

Description of work. 

INo. 

Improved “ A” frame kite motion pump, 
lift and force pump as per Pig. 1671, 
page 396 section D of Messrs. Merry- 
weather and Sons catalogue includ- 
ing pump, rods, roller guides, suction, 
delivery pipes, etc , complete includ- 
ing fixing charges. 

1 

1* service rotary pump including suction, 
delivery pipes, etc., complete. 

Bailing or pumping water during sinking. 

Total Rs... 

Galvanised W. I, tank, 

121c. ft. 

Earthwork, excavating foundations. 

91 

Concrete in ohunam. 

69 „ 

Brickwork in chunam. 

279 sq, ft. 

Plastering with cement, |* thick, 1 : 3. 

6* drain. 

Wrought iron tank, 8' X 4' X 4’, capa- 
city 800 gallons with manhole and 
cover including scour pipe, 2 cocks, 
etc., and fixing complete. 

Total Rg... 

Masonry reservoir with taps. 

150 r. ft. 

1,227 c. ft. 

Earthwork, excavating foundations. 

540 „ 

Sand filling. 

696 „ 

Concrete in ohunam. 

27 „ 

Cement concrete. 

912 „ 

Brickwork in ohunam, 

1,340 sq. ft, 

Plastering with cement, thick, (1:3) 

3 No. 

Wrought-iron steps. 

150 r. ft. 

6* drain, open. 

5*58 0. ft. ... 

Teak timber, wrought and put up. 

2 No. 

Pinials. 

19 sq.ft. 

Expanded metal. 

Sum 

Doors with teak frames and expanded 
metal shutters. 

159 sq. ft. ... 

Roofing with 18 B.W.G. corrugated iron 
sheets. 

41b. 

Iron work. 

10 No. 

1* galvanised W. I. tubes with stop-cocks, 
reducing coupling, |"X^*, etc., includ- 
ing fixing complete. 

Inlet scour and overflow pipe connec-| 
tions. 

Total Rs... 


A Deep Well (When The Maximum Water 
Leyel Is Yery Low) Fitted With 
Pumps And Tank ; 

Plate 158. 

In the above plate is illustrated the type design 
No. 151 issued with proceedings of the Madras 
Sanitary Board, No. 162-S., dated 26—2—1914. 
The specification report which accompanied this 
design was as follows: When the depth of the 
lowest summer water level is more than that shown 
in the type design No. 145, the disposition of the 
pump, barrels, suction pipe, etc., should be as shown 
in this type design. 2. Position of pump : In the 
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case of deep wells the water of which is intended 
for human consumpliioD the correct position for a 
pump is in a pump chamber built- by the side of tie 
well as shown in the drawing. 3. Depth of cham- 
ber : The depth of this chamber is determined by 
the rale that the length between the foot valve and 
the centre of the pump barrel shall not exceed 
20 feet. 4. Site of well and method of construc- 
tion: Specifications for hpe designs for wells 
Nos. 137 to 139 issued with the Sanitary Board’s 
proceedings No. 554*S., dated 7th October 1912, 
shall be adopted with the exception that the seem- 
ing of the well shall be built to a height of 8 feet 
from M.W.L. and the whole well shall be covered 
up with a reinforced concrete slab. An expanded 
metal door 3' x 4' will be provided in the steining 
of the well above the suction pipe for passage from 
the pump chamber. 5. Pump chamber : By the 
side of the well a small well or pump chamber, 
6 feet in diameter, shall be constructed, the depth of 
which will be determined by the rule already given 
under head 3 above. 6. Roofing : The pump 
chamber will be roofed with corrugated iron sheets. 
7. Eiooring : The floor of pump chamber will have 
iron gratings over teak beams with an opening in 
the centre for access to the pump barrels by means 
of an iron ladder. 8. Landings ; Landings in pump 
chamber at vertical distances of 18 feet will be pro- 
vided by means of V teak planks over teak joists. 
9. Sump pit : A small sump as shown in the plan 
will be provided in the concrete bed of the pump 
chamber to enable the spill water of the pump 
barrels to be pumped out of the chamber by means 
of an one inch semi-rotary pump. 10. Fittings : 
The pump barrels of the pump will be bolted to the 
two beams placed across the bottom of the pump 
chamber. The suction pipe shall pass through the 
expanded metal doorway provided in the steining of 
the well at a height of 9 inches above the floor of 
the pump chamber. The A frame of the pump will 
rest on the 2 beams provided for the purpose over 
the pump chamber at ground level. Holding down 
bolts will be provided to prevent movement of the 
beams due to vibration when the pump is being 
worked. 11. Miscellaneous : For further informa- 
tion on pumps, tanks, reservoirs, etc., a reference 
may be made to the specifications accompanying 
type designs Nos. 144 and 145 issued with the 
Sanitary Board’s proceedings No. 413-S., dated 26th 
June 1913, the present design being intended to 
complete the set of designs for protected wells. 


Abstract Of Quantities For I Deep Well (When 
The Maximum Water Level Is ¥ery Low) 
Fitted With Pumps And. Tank: 

Plate 158. 


Qaantity. j 

Description cf work. 


Deep well. | 

131, 617 c. ft. ... 

Earthwork, excavation and refillirig, j 

US „ ...! 

Concrete, broken stone In chut am. i 

1,119 „ 

Brickwork in lime mortar with weep! 
holes every i feet horizontal and 2 
feet vertical distance, 

2,613 „ ...i 

Brickwork in lime. 

4,953 gq. ft. ... 

Plastering with cement, thick. ! 

12 c. ft 

Cutstone work. 

•• 

Well curb for 10 feet diameter well with 
angle iron cutting edge and holding 


down rods, etc, complete. 1 

17 r. ft. ...jSiDkicg well. I 

9‘31 c ft. ... 

Teak timber, wrought and put up. 

108 Eq. ft. ... 

Roofing with B.VV.G-. corrugated sheets, 
including plain ridging bolts,;; etc., 
complete. 

Sum 

Reinforced cement concrete slab, 'com- 
plete, 

Sum 

Expanded metal door with frames, 
binges, etc,, complete. 

•23 sq. ft. .. 

Door, batten with frames, htieges, elc., 
complete. 

M „ ... 

Teak batten windows. 

No. 2 

Expanded metal ventilator with X 

li" X 1" angle iron frames, etc., com- 
plete. 

18 sq. ft. ... 

Teakwood planking, 1" thick, 

I6r. ft. ... 

8. 1, old rails. 

Sum 

Wrought-iran grating in four pieces with 
rods and If* x If" x §* angle iron 
frames. 

No. 12 ... 

Y holding down bolts with plate J* 
thick. 

60r. ft. ... 

12* wroDght-iron ladder. 

No. 2 ... 

Wooden finials. 


Improved “A” frame kite motion lift 
and force pump as per fig. 1671, page 
396, section D-, of Messrs. Merry- 
weather & Bods’ catalogue, including 
pump, rods, roller-guides, suction and 
delivery pipes, bends and fixing, etc., 
complete. 


r semi-rotary pump inoluding suction 
and delivery pipes, etc., complete, in- 
cluding fixing. 


Bailing or pumping charges during con- 
struction. 

Total Rs. 

Design with galvanised iron tank. 


Galvanised wrought-iron tank leading 
off drain, taps, pipes, etc., as per esti- 
mate for design in plate 167. 
Unforeseen charges, 5 per cent. 
Contingencies, 5 per cent. 

Petty supervision, 2| per cent, 

Total Rs. 



176 


MINOE SANITABY BNGINEEBING. 


Qaantity. 

Description of work. 


Alternative design with masonry 
reservoir. 

Deep well including pump, eto., as per 
details attached. 

Masonry reservoirs including taps, lead- 
ing ofi drain, etc., as per estimate for 
design in plate 157. 

Uoforeesen worksi 6 percent. 

Contingencies, 5 pet cent. 

Petty supervision, 2^ per cent. 

Total Rs. 


Open Wells : Plate 189. 

In the above plate is illustrated the type design 
No. 160 issued with Proceedings of the Madras 
Sanitary Board No. 911-S. dated 10*10-1914. 
The specification report which accompanied this 
design was as follows : Earthwork: Excavate down 
to the summer water level. Deepen further to the 
depth contemplated by bailing out water met with 
using chatties, picottahs or steam plant if found 
necessary. The cross section of the well in the 
type design shows a standard size of stepping. 
The actual form of stepping will depend greatly 
on the behaviour of the soil at site. A built well 
is generally proposed at those places where the 
nature of soil is hard or stiff. 2. Steining is 
the masonry lining of the well, Build the steining 
in the form of concentric and radial lines of brick 
or stone masonry. Prom the bottom of the well to 
summer water level construct the steining with dry 
stone or brick in clay or masonry in mortar provid- 
ing sufficient number of weep holes. The masonry 
above summer water level should be^ built in 
mortar and continued to a height of 3^6" above 
ground level as shown in the design. 3. Broken 
stone fillicg : The space left between the steining 
and the excavation from the bottom to summer 
water level should be filled in with broken stone or 
pebbles. The topmost layer of broken stone at 
least to a depth of 6 inches should be of half inch 
size. 4. Clay puddle : Place the puddle backing all 
round the steining, commencing from the top of the 
iinoh layer of broken stone filling at summer water 
level up to the layer underneath the platform. All 
layers should be properly bonded into each other 
as shown in the design so as to form an impervious 
stratum all round the steining and under the plat- 
form. 6. Pilling in with earth : This work should go 
band in hand with the construction of the steining 
and backing of the clay puddle. Each layer should 
be well consolidated before a second layer is intro- 
duced. 6. Platform : Lay out the platform 6 feet 
wide with a suitable slope towards the surrounding 


drain over a levelling course of concrete, broken 
brick or stone in chunam, as shown in the design. 

7. Leading off drain : Construct the leading off drain 
to a length of 150 feet to carry away the spill water 
from the surrounding drain of the platform. 

8. Pinishing : Finish the interior of the steining with 

1 inch cement plaster if of brick work and point the 
joints with cement if of stone work, up to the lowest 
summer water level. The platform with the sur- 
rounding drain, parapet and the leading off drain 
should also be rendered with | inch cement plaster. 

9. Miscellaneous: The well should be completed 
with pulley and bucket arrangement for drawing 
water as shown in the design. As a sanitary im- 
provement of first importance the ropes and buckets 
used in a public well should be supplied by the Local 
Body concerned and no private ropes or buckets or 
any other receptacles for drawing water should be 
permitted. Sunk well : 10. Earthwork : Excavate 
to summer water level. A sunk well is generally 
proposed at those places where the nature of soil is 
soft, sandy and is easily removed by well-sinkers. 

11. Curb : Nail together three inch planks of any 
country wood to break joint and of different widths 
in three layers. Cut this curb inside and outside 
to shape slightly larger in diameter, say .about 

2 inches, than the well to be constructed. Fasten 
the angle iron 3" x 3" to serve as a cutting edge to 
the lowest plank of the curb. At about 4 feet 
interval in the central circumference of the curb 
thus formed secure finch bolding down bolts, 
6 feet long, the number being determined by such 
circumference. Place the curb, cutting edge side 
down, in position at summer water level. 

12. Steining: Construct over the curb, brick or stone 
masonry to a height of say 6 feet leaving the 
requisite number of weep holes at 4 feet horizontal 
and one foot vertical intervals when lime or cement 
is used in the construction. Place plate washers 
over the holding down bolts and screw them tight 
in position by suitable nuts after the masoury sets. 

13. Sinking: Scoop out from under the curb 
equally along the circumference inside the well till 
the loaded curb sinks to nearly 6 feet using bailing 
baskets or other local contrivance, for dredging. 
Add on a further depth of, say, 6 feet to the steining 
already sunk, continue the operation of sinking 
after the construction is well set, until the required 
depth is attained. The masonry above summer 
water level should be built in mortar and continued 
to a height of 3 feet 6 inches above ground level as 
shown in the design, 14. Olay puddle ; Lay the 
puddle backing from the summer water level up to 
the layer underneath the platform, care being taken 
that each layer is bonded with the other so as to 
form an impervious stratum all round the steining 
and under the platform. 15. Earthfilling : This 
work should be carried out as specified for ‘ built 
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well, Item 5. 16. Platform, leadiDgoff dram, aod 
other misceliaDeons work sboDld be carried out as 
specified, for boilt well, items 6, 7, 8 and 9. 


ibstract Of Quantities For in Open Weil: 
Plate 1S9. 


Quantity. 1 

Description of work. j 

17,232 c. ft. .. 

Built well, 10' diameter. 

Earthwork, excavation. 

6.979 „ 

Filling in with earth. 

1,610 „ 

Broken stone filling. 

4,148 

Clay puddling. 

699 „ 

Brick in clay for steining of well. 

1,462 „ 

Brick in chunam for steining of well. 

163 

Concrete, broken brick in chunam. 

2 „ 

Outstone work. ! 

20e. ft. ... 

Mat bottom, 8.1. R. rails (old). | 

1,496 sq. ft. ... 

Cement plastering, thick. 

160 r. ft. ... 

6" leading ofi drain. 

Lump sum. ... 

Pulleys, buckets, ropes and fixing, etc.. 


complete. 

Bailing or pumping water during con- 

8,370 c. ft. ... 

struotion. 

Unforeseen works at 5 per cent, 
Contingencies at 5 per cent. 

Petty supervision at 2^ per cent. 

Total Rs. 

Sunk well, 10’ diameter. 

Earthwork, excavation, 

2,899 

Pilling in with earth. 

2,446 „ 

Clay puddling. 

642 „ 

Brickwork in chunam with weep holes 

1,191 „ 

at every 4' horizontal and 1’ vertical. 
Brickwork in chunam. _ 

163 ,, 

Concrete, broken brick in chunam, 

2 „ 

Outstone work. 

20 r. ft. ... 

Plat bottom, B.I.R. rails, 

1260 sq. ft. ... 

Cement plastering, thiok. 

150 r. ft. ... 

6' leading o2 drain, 

Lump sum. ... 

Pulleys, buckets, ropes, etc. 

f) 

Bailing or pumping water. 

10 r. ft. ... 

Sinking, 10' diameter well. 

1. No. ... 

Well curb for 10' diameter well made up 

of plank in 3 layers and slightly (2') 
larger than the well including L iron 
cutting piece 3' X 3' with f holding 
down bolts, etc., complete. 

Unforeseen works at 5 per cent. 

Contingencies at 5 per cent. 

Petty supervision at 2J per cent. 

^ Total Rs. 


i Deep Well Pitted With Semi-Rotary Hand 
Pump : Plate 160. 

In the above plate is illustrated the type design 
No. 161 issued with proceedings of the Madras 
Sanitary Board, No, 973-S.. dated 29-10-1914. The 
specification report which accompanied this design 
was as follows : Type design for fixing semi-rotary 
hand pumps to deep wells : The proposed type 
design shows only the method of fixing semi-rotary 
pumps to deep wells referred to in Sanitary Board 


type design No. 145, This is not intended to 
supersede type design No. 345, which should be 
adopted in preference to semi-rotary hand pumps 
for villages that can afford to pay the working cost 
or the wages of pumping coolies. But this new 
type design will be used for deep wells in villages 
that cannot afford to pay the wages of pumping 
coolies required for working a railway pattern kite 
motion band pump and which have, therefore, to he 
provided with a pump which can be worked by each 
person wishing to obtain water from a we!!. Posi- 
tion of semi-rotary pump in a deep well : A semi- 
rotary hand pump should be fixed in a pump 
chamber. The rule for determining the depth of 
pump chamber below ground will be same as that 
given in Sanitary Board type design No. 145, 
that is, the pump must not be more than 20 to 
22 feet above lowest water level in summer. 
Pump chamber: A small pump chamber 4'X3' 
(internal dimensions) is sufficient for fixing two 
semi-rotary pumps. A well may have one or more 
pump chambers according to the actual require- 
ments. The pump chamber may be added to an 
existing well or to a new well after it has been con- 
structed. The semi-rotary pumps will be fixed to 
the side walls of the pump chamber in the same 
way as they are fixed to the parapet wall of a 
shallow well according to the specification contained 
in Sanitary Board type design No. 137. But the 
suction pipe shall pass through the steining of the 
well at height of 9 inches above the floor of the 
pump chamber. The floor of the pump chamber 
shall be of concrete as shown in plan, and the floor 
and walls of the pump chamber shall be plastered 
with cement. Projecting stones shall be fixed on 
the walls of the pump chamber for easy access into 
the bottom of the pump pit when necessary. The 
front and side walls of the pump chamber are raised 
6 inches above the platform level to prevent the 
entrance of spill water and the opening is covered 
by a Cuddapah slab as shown in plan. Two vertical 
Ouddapah slabs fixed on the top of side walls of the 
pump chamber and inserted into well steining at 
one end support the vertical delivery pipe and the 
tap. Working gear or apparatus : The apparatus 
used for working the pump consists of (1) one 
pump bar handle, (2) two connecting shackles, 
(3) two strainer bolts, (4) two 3/8" round iron 
connecting rods, (5) one iron standard, (6) one 
beam lever handle, (7) one wooden beam support- 
ing the iron ‘^standard and (8) one cover for 
the beam lever handle. These component parts of 
the working gear are shown in plan. The wooden 
beam is fixed on the top of the pump chamber at 
the inner edge of the side walls flush with the top 
level of the Cuddapah slab covering stones. The 
pump bar handle is inserted into the pump spindle 
instead of fehp usual wooden handle and secured to 
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ife by a nuti and check nnt similar fco the usual 
wooden handle. The iron standard rests on the 
middle of the wooden beam and is firmly secured by 
two iron bolts and nuts with washers. The beam 
lever handle moves freely in a vertical plane on top 
of the iron standard and is connected to the iron 
base by an iron pin or bolt. This beam lever 
handle works the pump bar handle by means of 
two f" round iron connecting rods attached to it 
and to the lever handle on the pump by strainer 
bolts. The strainer bolts are inserted at the lower 
end of the connecting rods for adjustments when 
the rods are connected or disconnected from the 
pump handle for repairs. The length of connecting 
rods will vary according to the depth of the pump 
chamber. An air vessel is fixed above the pump at 
the lower end of the vertical delivery pipe. The 
beam lever handle is covered by an iron plate cover 
and secured to the Ouddapah slab by holts and 
nuts. Cost of fitting up semi-rotary pumps for 
deep wells : The cost of the (1) pump chamber, (2) 
suction and delivery pipes and (3) connecting rods 
and the working gear will vary according to the 
depth of the well, But the cost of (1) semi-rotary 
hand pumps and (2) component parts of the work- 
ing gear excluding the connecting rods will be uni- 
form for all deep wells. A deep well should have 
at least one pump chamber and two semi-rotary 
pumps. One pump will be in use and one pump 
will be locked up as a reserve for use during repairs. 
The cost of adding one pump chamber to a deep 
well and fitting it up with two semi-rotary pumps 
including the working gear will he Es. 260 at 
Madras rates. This estimated cost is for an average 
deep well with the lowest summer water level 30 
feet below the surface of the ground or platform 
and constructed according to the details of the plan 
accompanying this specification. The actual cost 
of the lever handles, connecting rods and other iron 
work exclusive of the semi-rotaiy pump is about 
Es. 52 at Madras. Schedule of quantities for a well 
of this description is also attached herewith. 


Abstract Of Quantities For A Deep Well Fitted 
With Semi-Hotary Hand Pump : Plate 160. 


Quantity, 

Description of work, 

2,142 0. ft. 

S4 „ 

164 „ 

195 sq. ft. ...i 

6*66 0. ft, 

6 No. 

4 0. ft. ... 

Briok type. 

Earthwork, excavation and filling in. 
Concrete in ohnnam. 

Brickwork in ohnnam, 

Plastering with cement, Y thick, (1 : 3). 
Cutstone work. 

j Drilling holes in the vertical stone slab 
! for fixing the cover for the beam lever 
handle. 

Teakwood, wrought and put up. 


Quantity. 

Description of work, 

2 No. 

Working apparatus of the pump consist- 
ing of one pump-bar handle, two con- 
necting shackles with nuts, two strainer 
bolts, ^ two i" round connecting rods, 
one air vessel, one iron standard with 
holts and nuts, one beam lever handle, 
one cover for the beam lever handle 
with nuts, etc., complete, including 
the cost of fixing. 

Reconstrocting the dismantled portion 
of the platform, drain, etc., and other 
sundries, 

Contingencies at 6 per cent. 

Petty supervision at per cent. 

Total Rs, 


Abyssinian Tube Wells. 

In plates 150 and 161 are shewn sketches of 
Abyssinian tube wells, driving plants and brass 
jacketed filter points. Tubes, Ij inch to 4 inches 
diameter, driven into the ground until the sub- 
soil water is reached with a pump fixed at the 
top, are termed ‘ Abyssinian tube wells, ’ ‘ Norton’s 
tube wells’ or ‘American tube wells.’ As this 
class of wells was first extensively used during the 
Abyssinian campaign these wells are popularly 
known as ‘ Abyssinian wells,’ The first tube has a 
hard steel nozzle with the lowest length of two 
feet being perforated. To this special bottom 
pipe successive lengths of tubes are screwed on and 
driven into the ground in lengths by means of a 
‘ monkey ’ until suitable water bearing stratum is 
reached. The usual depth of these tube wells is 
50 feet but there are instances in which such tube 
wells have been driven to depths up to 150 feet. 

A hand pump is attached to the top of the tube 
after the tubes have been driven to the required 
depth and water has been reached, The condi- 
tions of site, nature of the strata, depth of well and 
capacity of the pump are factors which affect the 
yield of such tube wells. Under favourable con- 
ditions the yield per minute of such wells have 
been as follows : li", 2 to 10 gallons ; 2", 5 to 25 
gallons; 3", 8 to 40 gallons. Water of such tube 
wells should be analysed for quality in the usual 
manner. For such tube wells, chalk, gravel aniJ. 
coarse sand- arTsuitable sand and clay^ 

strata are unsuitable. These tubes cannot be driven 
in hard rocky soil The advantages of tube wells 
are ; 1. They afford a cheap, ready and safe means 
of securing a small supply of water. 2. They are 
cheap and efficient means of securing temporary 
supplies for fairs and festivals. 3. If results of 
Abyssinian tube wells for quantity and quality 
prove unsatisfactory, the tubes may be driven 
deeper, or withdrawn easily and re-driven at other 
likely sites, 4. The tube wells are sometimes driven 
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in the bottom of ordinary sank wells for the 
pnrpose of increasing the yield of such wells. The 
cost of tuba wells will yary depending on place and 
local conditions. The average usual cost per foot of 
depth varies from Rs. 6 for li"tube wells feoEs. 10 
for 2" tube wells. The minimum average cost of 
a well, 25 feet in depth of li" tubes is Rs. 150, 
including ail materials and labour and Rs, 250 for 
well, 25 feet in depth of 2" tubes. 

irtesian Wells. 

Artesian wells are borings into the earth through 
which water rises. Sketch fig. 23, in plate 150 
shews the principle of an artesian well. A ner- 
meable layer between two impermeable layers 
accumulates the water which enters it at its 
‘outcrop’ in its bottom until it becomes fully 
saturated. When a boring is put down at A suffi- 
ciently deep to tap the water in the permeable 
layer, the water rises therein under pressure accord- 
ing to the saturation level in the porous strata. 
There are a number of such wells at Pondicherry. 
An artesian well has been put down at Kumba- 
konam. The note of Mr.HaUon read at the All India 
Sanitary Conference, 1912, is inserted here in full. 
” The town of Kumbakonam is situated in the delta 
of the river Oauvery about 200 miles south of Madras 
and is 32 miles from the sea and 39 miles from 
the head of the delta. At the head, 10 miles above 
Triohinopoly, the river Oauvery divides into a num- 
ber of rivers as is usual in deltaic tracts. Kumba- 
konam may be considered as in the centre of the 
fan-shaped delta. I suggested in 1904 to the Madras 
Government that an experimental bore-hole should 
be made in Kumbakonam town, as it was my opinion 
that from time immemorial the level of the delta 
had bean rising by deposition of silt brought by the 
deltaic rivers and that as is usually the ease these de- 
posits consisted of alternate layers of sand and clay. 
The proposal for an experimental bore-hole having 
been approved, a start was made in 1905. Men 
accustomed to boring for artesian supplies of water 
were obtained from Pondicherry and a T-inch boring 
was put down to a dspth of 200 feat which was the 
depth first contemplate! At this depth the sanc- 
tioned funds became exhausted, the boring being 
then in hard deltaic clay of a black colour. The 
first 15 feat of the boring was in sand and sandy 
earth and below this the deltaic clay existed to the 
point 200 feet below ground. Farther funds having 
been obtained, the boring work proceeded but as a 
5-moh boring and at a depth of 215 feet below 
ground, fine sand of a blue clay colour was struck. 
The water level in the bore-hole remained constant. 
The boring was continued through different layers 
of sand and day to a total of 311 feet when it was 
finally stopped as a tool was braken and could not 
be removed from this depth. It was finaEy decided 


to puli up the lining pipe feo the layer of coarse sand 
below the thick layer of clay. It was found neces- 
sary to obtain further funds and to attempt to sepa- 
rate the saline sub-soil water near ground level from 
the water in the bore pipe and this attempt was not 
finally successful until this year. Tne yield of water 
from the bore-hole was increased by pumping out the 
fine sand at the bottom of the bore pipe. The quality 
of the water from the bore pipe was good, the report 
being as follows: “ From the bacteriological results 
obtained with the present samples it is evident that 
the precautions taken in water proofing the collect- 
ing wail have been entirely successful, and the water 
is now in very good order. There is further no sign 
that sub-soil pollution has penetrated to the spring 
feeding the bore-hole, as was feared might be the case. 
Chemically there is a most extraordinarily high 
figure for free ammonia which surely must be in 
association with the experiments being carried out 
as shown in the descriptive form. There is nothing 
in the other results to show that such an amount 
of free ammonia could be due to organic pollution, 
In previous analyses the free ammonia was always 
very high, but nothing to what it is on the present 
occasion. In other respects the water is much as 
before. It is moderately bard, but the hardness is 
almost entirely temporary. The figure for chlorine 
is also high, but this must be of mineral origin.” 
The wacer level in the bore pipe remained at the 
level first nociead, which is the same as that in the 
shallow wells near the site. These wells are in sand 
and apparently there is no difference in level be- 
tween the ordinary sub-soil water and that in the 
deep boring. The quantity of water that can be 
obtained from the boring is 140 gallons per minute. 
At ground level a well has been constructed and 
the water will be pumped out of this well by means 
of an oil-engine driving a three-inch centrifugal 
pump. A small elevated service reservoir of 7,000 
gallons capacity has been built and the water is 
distributed from this reservoir by means of cast 
iron pipes and public fountains. The installation 
will be capable of supplying 6,000 people with 10 
gallons each daily. Tne cost of the installation has 
been Rs. 14,500. The principal difficulties met with 
during construction were (l) ingress of contami- 
nated surface water which was ultimately excluded 
by lining the wall with a steel caisson, (2) damage 
to the lining pipe of bora-hola. This pipe was made 
on the spot by the Pondicherry workmen engaged in 
the boring from sheet iron sheets 4 feet X 2 feet and 
Yf inch thick. These sheets were bent round in the 
form of a pipe and riveted by small rivets three 
inches apart and one pipe was riveted to the one 
below by similar rivets. The pipe was never driven, 
After the core in the deep clay layer was extracted 
by means of an auger, a special tool was inserted 
which cut out the nala left by the assraotioa of the 
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clay core to a greatar diameter than the lining pipe 
so that this pipe was easily moved up or down. 
The sand stratum core was extracted, by a sand 
pump with a heavy rod and this pump was lifted 
and lowered by means of a rope worked from a small 
winoh, The pipes used ware easily damaged and 
cases occurred of the passage being blocked by part 
of a pipe the end of which caught on a tool and was 
turned inwards. In future bora-holes, more sub- 
stantial pipes will be used. It is doubtful how 
long the thin pipe will last and it may be necessary 
to line it with stoneware pipes or to replace it by a 
more substantial pipe. A remarkable result followed 
vigorous pumping during execution. The fine sand 
in the coarse sand layer at the bottom of the 
lining pipe came up in quantity with the water 
resulting in a greatly increased supply from the 
bore-hole.” 

Boring. 

The word meaning of the term ‘ boring ’ is making 
a hole with an auger, and technically the term 
means the art of piercing, or making a hole in the 
earth. Generally, in engineering projects, such as 
railway, irrigation, etc., it will be necessary to 
examine the nature of the sub-soil at different depths 
from the surface of the ground. There are two 
obvious ways of doing this. 1st, by examining the 
soils in the sides and bottom of any existing pits, 
wells, railway cuttings, etc,, situated pretty near the 
proposed site or line of works ; Sud, by actually 
sinking pits called technically ‘ trial pits,' and this 
second method is the one usually adopted. There 
is still a third method of testing the underlying soil 
of the earth, namely, by boring, and the two 
methods of trial pits and borings may be briefly 
compared as follows: (1) The cost of trial pits 
will be excessive when a large number of them have 
to be taken, (2) Trial pits cause comparatively 
greater damage to existing property, etc., and are 
unsafe in places frequented by men and animals. 
(3) The depth to which trial pits could be sunk 
is limited practically. (4) On the other hand, the 
disadvantage attached to the results obtained by 
boring is that they are unreliable : (i) The real 
nature of the soil as it lies in the earth cannot be 
made out as certain kinds of soil have to be broken 
or pounded before being brought up, (ii) Informa- 
tion as to the hardness of the soil has to be 
obtained by second-hand information, vk., from 
men who work with the boring tools. It may, 
however, be safely assarted that a little experience 
and field observations will enable one to exactly 
guess the nature of the sub-soil from the results 
of borings, and it is no exaggeration to say 
that a common oooly will learn the thing in a 
very short time. In Sanitary Engineering branch, 
boring operations are mainly carried on to investi- 


gate the source of underground water to supply a 
town, village, etc. Here in addition to testing the 
nature of the sub-soil at various depths, the quality 
of underground water at such depths could also be 
examined with a view to determine its potability 
or otherwise. Where artesian conditions are 
favourable, the ultimate object of a bore-hole is to 
tap such a supply, We now pass on to consider 
the boring operations in some detail. Let us restrict 
ourselves to the method of boring to shallow depths, 
say, to a maximum of 100 feet under favourable 
conditions. The following is a list of boring tools 
and plant most generally required, with the object 
of each. The tools are illustrated in plate 150. 

Tool. Object, 

Shoe nose shell with valve, Eor bringing up loose 
fig. 1. stuff. 

Open auger, fig. 2. ... Eor clay and stiff soil. 

Elat chisel, fig. 3. ... Eor moderately hard 

ground. 

V nose chisel, fig. 4. ... Eor hard ground. 

T nose chisel, fig. 5. ... Eor hard ground and 

rocky strata. 

S nose chisel, fig. 6. Eor hard rock and flint. 

Worm auger, fig. 7. Eor loosening stuff in 

bore-hole. 

Spiral worm, fig. 8. Eor extracting broken 

rods. 

Bell box, fig. 9. For bringing up broken 

bits. 

Spring dart, fig. 10. Eor drawing pipes from 
bora- hole. 

Crow’s foot, fig. 11. Eor extracting broken 

tools. 

Pair of tillers, with screws, Eor working the rods, 
fig. 12. 

Short rod, with swivel- To fit all rods, 
head, fig. 13. 

Pair of rod wrenches, Eor screwing and un- 
fig. 14. screwing rods. 

Swivel spring hook, fig. 15. 

Lifting dog, fig. 16. Eor raising rods. 

Bigger and carriage, fig. 

17. 

Boring rods, in 10 feet 
lengths, with screw 
joints, fig. 18.. 

Joint of rods, fig. 19. 

Joint of rods, fig. 20. 

The most usual kinds of soil to be bored through 
are : First, soils of various degrees of stiffness, e.gf., 
clay, loam, kunkar, etc. Second, loose soils, e,g>, 
sand, gravel, pebbles, silt, etc. Third, hard soils, 
e.g„ different kinds of rook. Wherever possi- 
ble, it will be found advisable to sink a pit called 
‘ preliminary pit ’ of square dimensions 7' X 7^ to a 
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depth of about 8 feet and commence boring from 
its bottom. This method wili facilitate work, and 
saves a good deal of delay in the progress of boring. 
A pit, however, is not absolutely necessary. In 
boring through stiff soils, the stiff soil auger is 
taken to commence with, its screw threads oiled 
and swivel rod screwed on to it. A tiller set is then 
fastened on to the swivel rod to form a lever, and 
the auger with the attachments is held upright in a 
small hole made by jumping a crow bar two or three 
times into the ground or the bottom of preliminary 
pit, Steadying the whole plant, and holding it quite 
plumb until it sinks a few feet, a rotatory motion is 
given to the plant in the direction of the hands of 
a clock applying a slight downward pressure over 
the tillers during rotation. The auger sinks into 
the ground piercing a hole and collecting the soil in 
the longitudinal slit provided for the purpose. When 
the auger has sunk to a sufficient depth, the whole 
thing is lifted up, the clay collected in the slit 
scooped out, and the whole operation repeated over 
and over again. When about three feat has been 
bored through, two men can seat themselves on the 
tiller rods to give downward pressure for the tool, 
and additional pressure can be given by attaching 
two hand dogs to the lengthening rod over tillers 
in a transverse direction to the same and two more 
man seating themselves on the hand dogs. In 
boring through the second class of soils, viz,, sand, 
gravel, pebbles, etc., a different method is followed. 
In this ease, the bore-hole will not stand by itself 
as in the case of clay owing to the soil from the 
sides slipping. Hence the hole has to be lined 
which is done by sinking wrought iron tubes, call- 
ed “ boring tubes ” as the bore-hole proceeds. A 
tripod is first raised over the spot of bora-hole, and 
a pulley suspended at its top with a manilla rope 
slung around the same, and the swivel rod at- 
tached to one end of the rope. The tripod should 
be of different height, else a lot of annoyance 
will be caused when working with the nose shell 
auger. A very convenient height will be when 
the poles forming the tripod are 30 feat long, and 
they are worse than useless when of a shorter length 
than 25 feet. Having erected the tripod, a lining 
pipe is taken, a pipe clamp attached at a conveni- 
ent point of its length, and the pipe with the 
clamp held upright on the spot (if possible, stay it 
by burying a short length, say 2 feet). Then the 
swivel rod is screwed on to a nose shell auger 
and both lowered into the pipe slowly. If the 
length of the swivel rod be found insufficient, one 
of the 10 feet lengthening rods can be used. When 
the tool reaches the botcom of the bora-hole, it is 
worked up and down continuously by men who hold 
the other end of the rope. In this operation the 
sand or loose material gets into the socket of the 
nose shell auger and fills it as the valve at the 


bottom of the tool keeps the same from stripping 
out again. As jumping goes on, the lining pipe 
sinks down of itself in the first stages of boring 
thus clearing a hole through the loose soil 
Ween the nose shell auger is filled with sand 
(indicated by the lining pipe not sinking farther 
whan the tool is worked) it is hauled up, detached 
from the rods, and contents emptied. The opera- 
tion is repeated to conrinua bore-hole to farther 
depths. The loose soil should be mixed up with 
water in working the nose shell auger. If sub- 
soil water be lower than 5 feat below ground 
level, keep on adding a quantity of water to the 
bore-hole until water level is reached. The pipe 
should be carefully held up quite plumb until it 
sinks, say 5 feet : then the boring platform is fixed 
to the pipe and some of the men now get over the 
platform and work from there. The additional weight 
on the pipe now put on wili generally be found 
sufficient bo causa the tubas to sink of themselves 
till about 15 feet deep. Beyond this depth, a rot- 
atory motion should be given to the lining pipe as 
the nose shell auger is werkad, by means of two 
levers formed by letting in two crow bars at oppo- 
site ends into the open spaces between a pair of 
clamps fixed to the pipe. When the pipe has sunk 
about 35 feet, additional weight has to be put on 
the platform in the shape of either sand bags or 
soma heavy iron materials lying on the works. As 
each pipe sinks nearly to the fall depch another 
one is screwed on to its top. In driving pipes 
down, only weighing and rotating method should 
be used, and on no account should blows be given 
at their tops, even by placing a wooden log, etc., to 
act as a cushion. Hammering at top will only result 
in injuring the top of pipes and screw threads, with 
the result that succeeding pipes cannot be screwed 
on to them. When boring deep, say beyond 70 
feet, other contrivances for pressing pipes down are 
used, as rotation may cause damage to the screw 
threads. There is one important point to be very 
careful about in working with the nose shell auger, 
that is, to avoid what is called a ‘ stick-fast.’ The 
nose shell auger should never be allowed to rest 
even for a few seconds at the bottom of the bore- 
hole, else the inrushing sand and grit, along with 
the spring, jams the tool fast in the pipe. As soon 
as the tool is filled with sand, or if it be found 
necessary to stop jumping for a short time in the 
middle the tool should be hauled up, say 10 or 15 
feet and then allowed to rest in the pipe of the bore- 
hole. If, in spite of precaution a stickfast should 
occur, (it invariably does until the workman them- 
selves experience the thing once or twice) it is useless 
to attempt to extract the tool by merely pulling up 
without the aid of jacks; no recourse whatever 
should be taken to such devices as twisting, etc., in 
the hope of loosening the tool and puUing it up 
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which only makes mafcfcers worse. The easiest way 
fco feackle the thing is to raise the lining pipes bodily 
about 6 inches every time to about 2 feet and keep 
on giving an upward jerk to the tool and rods by 
means of the rope. The sand or grit jamming the 
tool sinks down and in the majority of cases the tool 
comes up. Where alternate strata of sand and 
clay have to be bored through a combination of the 
two methods described till now will be used. In 
this case, the lining pipes have to be sunk through 
clay also to reach the underlying sand. Lastly, 
in boring through hard soils such as rocks, etc., 
which do not yield to stiff soil auger, they are first 
broken and pounded by chisel (either flat or V) and 
the soil thus loosened is brought out by the stiff 
soil or nose shell auger. Such, in brief outline, 
are the methods followed in taking borings of a 
simple nature. For deep borings and in special 
cases, elaborate and complicated arrangements and 
tools are necessary. 

Proposals For Tanks ind Wells. 

All proposals for tanks and wells should be accom- 
panied by : “ 1. Site-plan showing (i) position of 
work ; (ii) sources of supply ; (iii) drainage area ; 
(iv) villages, huts, &c,, withiu the catchment area. 
2. Enlarged plan of tank or well with sections 
showing details. 3. Estimate in the prescribed 
form. 4. Eeport which should contain the following 
particulars : (i) Description of sources of supply, 
(ii) Description of catchment area with statement 
of character of the surface; village^ hues, &e., within 
it and the population, (iii) Description of the 
feeding channels if the work is a tank, (iv) Descrip- 
tion of the tank or well, stating whether it is a (a) 
tank fed by surface water direct ; (5) tank fed by 
channels ; (c) draw-well fad from bottom only ; (d) 
step well or small tank fed bv springs, or by surface 
drainage, or by both, (v) Description of the strata 
in which the work is placed, also (a) maximum and 
minimum depths of water at present ; (W present 
capacity ; (c) dates between which it receives its 
supply; [d) date at which it is at its minimum 
level, or months during which it is empty, (vi) 
Description of improvements contemplated to its 
{a) area ; (h) feeders ; (o) tank itself ; and if a drink- 
ing water tank the measures proposed to be taken 
to improve or maintain the purity of the supply, 
(■yii) xf.the proposal is for deepening a tauk the 
proposed disposal of the earth or sludge to be re- 
moved from the tank and the measures to be taken 
to prevent future deposit should be specifiel. Pro- 
posals for tank improvements should have in view 
(i) an increase in quantity of the water-supply, 
if deficient ; (ii) purification of supply, if used for 
dietetic purposes ; (iii) prevention of pollution by 
fencing, provision of wells, pumps, &c.” 


Simple Sanitary Improvement a For Conserving 
Yillage Tank Water Supplies : 

Plate 162 . 

In the above plate is illustrated the type design 
No. 114 issued with proceedings of The Madras 
Sanitary Board No. 281-S, dated 4-5-1912. The 
specification report which accompanied this design 
was as follows : Nearly every village in the 
Presidency of Madras is in possession of one 
or more tanks used for drinking water-supplies and 
for washing purposes of men and animals- The 
tanks which are used for drinking water supplies 
are filled from irrigation channels usually once a 
year and the tanks are ineffectually conserved at 
present by means of watchmen and indifferent fenc- 
ing and regulations. Water is withdrawn by the 
village people from these tanks in pots and in 
doing so the people actually enter into the water of 
the tank in order to fill these pots. Access to the 
tank is sometimes effected by steps provided for 
the purpose and in many cases by simple earthen 
ramps. By people entering the tanks, a large 
amount of dust and other contaminated matter is 
conveyed into the water from the limbs, and pots 
used in the operation. The Sanitary Engineer has 
from time to time endeavoured to improve the sani- 
tation of these tanks by the drawing up of type 
designs for wells with pulley arrangements and 
also for platforms. These type designs, especially 
the latter, have not been taken up owing to the fact 
that, in the case of the platform, people do not use 
it if they can enter the tank by the ordinary means. 
It is therefore proposed that the conservancy of 
village tanks, which is being specially considered at 
present with the object of eliminating, if possible, 
epidemics of water-borne diseases, should be dealt 
with io the following manner. Bund : The tank bund 
should be sloped away from the water as shown 
in the type design, with the object of preventing 
contamination getting into the tank during rain by 
the washings of streets and roads and surroundings 
of the bund entering the tank. Fencing: Around 
the tank on the highest noint of the bund there 
snould be a barbed wire fence (or, preferably, any 
cheap form of unclimbable fencing), 6 feet high, 
and 6 lines of wire fastened to iron, oasuarina, or 
stone posts, as may be locally desired. A wall is 
not proposed on the score of economy and also be- 
cause a wall is eisily scaled. Draw wells: A 
number of draw wells, 6 feet in diameter, should be 
constructed around the tank for the use of different 
castes. The bottoms of these wells should be con- 
neesed to the tank by oast iron or stoneware pipes. 
Platform and leading off drains : Each well should 
be provide! with a platform of concrete plastered 
with cement, and a surrounding drain which should 
disobarga into another drain leading off into the 
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nearest road drain or paddy field at a distance of at 
least 50 yards. Palley arrangement: For with- 
drawal of water there should be two sets of pulley 
arrangements for each well according to common 
use but a rope and iron bucket locally made should 
be provided for each pulley arrangement to prevent 
people using their own pots. General remarks: 
The proposals shown in the type design and des- 
cribed above are of a simple nature, and should be 
carried out in many hundred cases throughout the 
Presidency. If these arrangements are added to a 
village tank, an immense improvement will result 
in the quality of the water in the tank as 
there will be no chance of any contamination 
of the water except from the supply channel 
and this cannot be avoided under existing cir- 
cumstances. Improvement in the water from 
supply channel will be effected by the powerful 
action of the sun during the long storage of the 
water in the tank. The principal object of the type 
design is to show a simple and inexpensive means 
by which the long-dc laved village tank improve- 
ment may be carried out. It may be suggested 
that the addition of pumps and reservoirs with taps 
is desirable but unfortunately it is found in practice 
that such suggestions defeat the very object of the 
type design by making the improvemeDt so expen- 
sive that it is dropped after perusal. It is therefore 
suggested that the addition of pumps, reservoirs, 
pipes, filters, etc., be omitted until the primary im- 
provement is effected. Note : Except in stiff clay 
soils where there can be no percolation, the laying of 
the pipe should be postponed till it is seen whether 
there is enough percolation to keep the wells 
supplied. 

Sacredness And Sanitation. 

The most sacred of all places in South India is 
Eameswaram. Within the temple at Eameswaram, 
there are 20 wells and 3 tanks. The positions of 
these wells are within the temple precincts, as 


shewn in fig. 8, plate 222, where persons other than 
caste Hindus are not allowed to visit. The water 
of the wells and tanks is considered sacred and 
pilgrims resorting to Eameswaram bathe in these 
wells and tanks. The sub-soil of all the wells and 
tarks is disintegrated rock at a depth of 5 to 7 feet 
below ground. In all cases the steining is of 
masonry above the rocky stratum to ground level 
It is DO exaggeration to say that at the time of my 
inspection in 1910, most of the wells bad no para- 
pet walls, raised platforms, surrounding drain and 
a leading off drain, with the inevitable result that 
the washings of pilgrims got back into the wells. 
The depths of water in the wells varied from 1 foot 
CO 3 feet. Considering the large number of pil- 
grims that resort to bathe in these wells and as the 
stratum is disintegrated rock with little in- flow, it 
is probably necessary to allow the sullage back into 
wells. There is no doubt that all wells in the 
temple should be provided with proper platforms, 
parapet walls, surrounding drain and leading off 
drain. 

Seryice Reseryoirs. 

Service reservoirs are intended to store a reserve 
for supply during repairs, and to act as a regulator 
of pressure in the distribution pipes. Eeservoirs 
may be entirely below ground, partly below and 
partly above ground, entirely above ground or 
elevated. A design of a small elevated reservoir is 
shewn in plates 175, 176 and 177 ; and a reservoir 
entirely above ground is shown in plate 166. The 
capacity of these reservoirs depends upon the period 
during which pumping is done at headworks. 
Usually for town water supply schemes, these 
reservoirs are made to hold | of a day’s supply#-. 
When the pumping is done continuously all the 
24 hours of the day, a service reservoir with a 
minimum capacity of i of a day’s supply is consi- • 
dered sufficient to supply the additional requirement 
during hours of maximum demand. 



WATEE SUPPLY: DETEEMINATION OE YIELD PROM SPRINGS AND 
DISCHARGE PROM CHANNELS AND SMALL STREAMS; SIMPLE 
METHODS OP CALCULATING THE DISCHARGE OP SMALL 
CHANNELS. 


Gauging Streams. 

The simplesfs way of ascertamiug the flow of a 
small stream or spring is to catch the water in 
a kerosine oil tin of 4 gallon capacity or in a vessel 
of known capacity and to make a careful note of 
the time to fill it. This method is only applicable 
to very small supplies. Springs afford good sources 
of supply to small communities. If a stream flows 
from the spring, the discharge can be measured as 
described later on. The volume flowing from the 
springs varies considerably according to rainfall 
and to determine the quantity available for supply 
from a spring, it is necessary to gauge the flow over a 
prolonged period of drought. In the case of streams, 
the gauging is conducted by measuring the depth 
of water passing over a weir constructed by 
damming the stream, (see figs. 27 and 28, plate 
l5l). As a rule, these rectangular notches or weirs 
have bevelled top edges of a width of not more than 
I that of the stream with a depth suifidcent to pass 
all the water that is to be measured. The leakage 
at the sides and bottom of the weir should be pre- 
vented by puddled clay. The measuring gauge 
should be fixed on the upstream side, away from 
the weir, so that the measurements are taken in the 
still water and not in the depression that occurs" 
near the weir. The depth of water flowing over the 
weir should not be more than a quarter of the total 
depth of water on the upstream side and the weir 
should be high enough to prevent any perceptible 
current. The heights of water passing over the weir 
should be recorded at 8 A.M. and 6 p.m. daily. These 
observations should be carried out after a prolonged 
period of drought. The discharge of the stream may 
then be calculated with sufficient accuracy for all 
practical pu^oses by the following formula: Q= 
4”81 Lx V h^ where Q= discharge over notch in 
cubic feet per minute ; L= length of notch in feet ; 
h= height of water above top of stake in inches. A 
V shaped notch is sometimes cut in the weir, the 
notch being of sufficient size to allow the full volume 
of water to discharge through it. The advantage of 
the V notch method is that the ratio of the wetted 
perimeter of the notch to the area of the outflow is 
the same for any depth of water passing through it. 
If the flow is great, a number of V notches of equal 


size with apexes of the notches exactly in a hori- 
zontal line spaced sufficiently farther apart are some- 
times constructed. When the flow is steady the 
disch arge in cubic feet per second' is q=^TV k w h 
V' 2 g h ; where q= cubic feet per second, k is a 
co-efficient varying from '59 to ‘62 according to the 
angle, being ‘59 for a right angle, h= height of 
water in feet measured on the upstream side in still 
water, w = width of the triangle in feet at top of 
height h. When it is a right angle nq^eh, w is 2h 
and the formula becomes q='3 h where q = 
discharge in cubic feet per minute, h= height of 
water in inches measured in still water on the 
upstream side. Where it is impossible to construct 
a weir, the best method is to ascertain the mean 
velocity of the stream and the cross section ; then 
these two multiplied together give the discharge of 
the stream. The velocity can be estimated by 
timing the passage of floating bodies down the 
centre of the stream over a given distance, three or 
four times, and average struck ; this should be done 
where the stream is as uniform in depth and width 
as possible. The velocity is greatest at the surface 
in t)j 0 centre, so to obtain the mean velocity, 
multiply the average struck by ‘83, 

■yfeir Table For Right-angled ‘y ’ Notch (From 
One Inch to Thirty Inches Deep) Gauging 
Formula ;q=‘3hVh[ 


cn 

0) 

i 

a 

M 

0 

is 

1 

is 

i 

A 

1 

is 



Discharge (q) in cubic feet per minute. 


1 

•300 

*339 

•403 

■461 

•522 

•591 

•665 

742 

2 

1*70 

1*83 

1*97 

212 

2*28 

2-42 

2-61 

278 

3 

4’68 

4*92 

5*18 

5*44 

571 

6 99 

6'28 

6*57 

4 

9*60 

9'98 

10*4 

108 

11*2 

ire 

12-0 

12*4 

5 

16 8 

17‘3 

17*8 

18'4 

18 9 

19 5 

20*1 

20*7 

6 

26’5 

27‘2 

27’9 

28*6 

29*3 

300 

30*8 

31'5 

7 

38’9 

39'6 

40*7 

41*6 

42*5 

43*4 

44-3 

46*3 

8 

o4'3 

55*4 

56*5 

57*5 

58*7 

59*8 

60 9 

62*0 

9 

72-9 

74*2 

75‘5 

76*8 

78*1 

79’4 

80*7 

82*1 

10 

94‘9 

96*4 

97'9 

99*4 

101 

102 

104 

106 

U 

120 

122 

124 

126 

127 

129 

131 

133 

12 

150 

152 

154 

156 

158 

160 

162 

164 

13 

183 

185 

187 

189 

192 

194 

196 

199 

14 

220 

222 

225 

227 

230 

233 

235 

238 
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Weir Table Fof Right-angled lotch (fvom 
One Inch to Thirty Inches Deep) Gauging 
Formula; q = '3h-^''h. 


® 

A 

a 

0 


i 

3 

Iff 

1 

'iff 

i 

3 

I’ff 



Discharge (q 

in cubic feet per minute. 


15 

261 

264 

2611 270 

273 

275; 

278 

2S1 

16 

307 

310 

313 

316 

319 

323' 

326 

329 

17 

358 

361 

364 

368 

37J 

374! 

377 

381' 

18 

413 

416 

420 

423 

427 

431i 

434 

438 

19 

472 

476 

480 

484 

488 

492 : 

496 

5CO 

20 

637 

541 

546 

550 

554 

558 

563 

566 

21 

606 

611 

615 

620 

625 

629 ; 

634 

63S 

22 

681 

686 

691 

696 

701 

706 

711 

7161 

23; 

761 

766 

772 

777 

782 

787: 

793 

798: 

24 

1 847 

852 

858 

863 

869 

875. 

880 

886; 

25 

93S 

944 

950 

955 

961 

9671 

973 

979i 

26 

1,030 

10,40 

1,047 

1,050 

1,060 

1,065' 

1,070 

i,ooo; 

27 

1,136 

1,140| 

1,150 

1,156 

1,160 

1,170: 

1,176 

1,180! 

28 

1,240 

l,250i 

1,260 

1,266 

1,270 

1,280' 

1,287 

1,290| 

29 

1,360 

1,366 

1,370 

1,380 

1,390 

1,395 

1 . 400 ! 

1,410| 

30 

1,480 

l,485j 

1 

1,490 

1,6001 

i 

1,510 

1,520 

1,580| 

1 

1,538: 

! 


ffi 

0 

A 

0 

a 

M 

tsS 

i 


I 


1 

if 

1 

ii 



Discharge (q) 

in cubic feet per minute. 


1 

*827 

•916 

roi 

1*13 

1*22 

1*33 

1*44 

1*57 

2 

296 

3*15 

8*35 

3-65 

3 76 

3*98 

4'21 

4*44 

3 

6*88 

7*19 

7-5I 

7 ‘83 

8*17 

8*61 

8*87 

9-28 

4 

12*9 

13*3 

13*8 

14'3 

14*8 

15 2 

15*7 

16-3 

5 

21*3 

21*9 

22*6 

23*1 

23’8 

24*4 

25*1 

25*8 

6 

32*3 

33*1 

33*9 

34*7 

35*5 

36'3 

37*2 

38-0 

7 

46*2 

47*2 

48*2 

49*2 

50*2 

61*2 

52'2 

53*S 

8 

63*2 

64*4 

65'6 

668 

68*0 

69*2 

70*4 

71*6 

9 

83‘5 

. 84*8 

86:2 

87*6 

89 0 

90*5 

91 9 

93*4 

10 

107 

109 

110 

112 

114 

115 

117 

119 

11 

135 

136 

138 

140 

142 

144 

146 

148 

12 

166 

168 

170 

172 

374 

176 

178 

181 

13 

201 

203 

206 

208 

210 

213 

215 

218 

14 

240 

243 

245 

248 

251 

253 

256 

259 

16 

284 

287 

290 

292 

295 

297 

301 

304 

16 

332 

335 

338 

341 

344 

34S 

351 

354 

17 

384 

388 

391 

396 

398 

402 

405 

409 

18 

442 

446 

449 

461 

457 

461 

464 

468 

19 

604 

508 

512 

§16 

520 

524 

528 

633 

20 

571 

575 

580 

584 

1 589 

593 

698 

602 

21 

643 

648 

653 

657 

662 

667 

671 

676 

22 

721 

725 

731 

736 

741 

746 

761 

756 

23 

808 

809 

814 

819 

826 

830 

886 

841 

24 

891 

897 

903 

908 

914 

920 

926 

932 

25 

985 

991 

997 

1,000 

1,010 

1,016 

1 , 02 c 

1,028 

26 

1,086 

1,090 

1,100 

1,104 

1,110 

1,120 

1,124 

1,130 

27 

1,190 

1,186 

. 1.200 

1,210 

3,220 

1,224 

1,230 

1,240 

28 

1,300 

1,310 

1,315 

1,320 

1,330 

1,340 

1,344 

1.350 

29 

1,420 

1,426 

1,430 

1,440 

1,450 

1,456 

1,460 

1,470 

30 

1,640 

1,650 

1,660 

1,565 

1,570 

1,580 

1,590 

1,600 


Weir Table From Oie-sixteenth Inch Depth 
to Twenty-tfe Inches Deep. L = i inck 


A 
. C 
C 
w 

0 ^ 

i^ff 

i 

1% 1 

i 

lu 

i 




'CC€ 

•Oi' 

•03' 

'05 

*07 

*09 

*11 

I 

•40 

■43 

•47; 

■51; 

■55 

•GO! 

*65 

•70 

; 2 

1*14 

1*19 

1*24 

1*30, 

1*36 

1*41! 

1*47 

1'52 

1 3 

2 09; 

2*16 

2-23 

2*29! 

2*36 

2*43! 

2*50: 2*57 

' 4 

3 *22 

3*2S 

3*37' 

3'44' 

3*52 

3*60, 

3*68 

3*75 


4 *50' 

4*5£ 

4*67 

4*75: 

4*84 

4 92' 

5*01 

5’10 

: 6 

5*90 

6*CC 

6*09j 

0-IS 

6*28 

6*37! 

6*47 

6*56 

7 

7 44i 

7*54 

7*04; 

7.74; 

7'S4 

7*94! 

8*05 

8'15 

: 8 

9 *105 

9*20 

9*3i; 

9*42; 

9*52 

9*63! 

9*74 

9*85 

^ 9 

10*86; 

10*97 

ll'OS: 

11’19! 

11*31 

11*42 

11-54 

11*66 

HO 

12*71' 

12*83 

12*95 

13 08 

13*19 

13*3l! 

13-43 

13*55 


14-671 

14*79 

14*92' 

15*06 

15*18 

I5*S0 

15*48 

15*66 

112 

: 16 73, 

16*66 

16'S9 

17*121 

17*26 

! 17*39! 

17*52 

17*65 

13 ; 18*87! 

19*01 

19 14, 

I9*2S! 

19*42 

1 19*56! 

19*69! 19*83 

14 

21’09i 

21*23 

: 21*37' 

2l*4£! 

2r65 

21*79 

21*94 

22*08 

,15 

23*381 

23*53 

1 23 67! 

23*82, 

23 87 

: 24*11 

24*26 

24*41 

i!6 

25*76' 

25 *911 

1 26*06; 

26‘21: 

26*36 

! 26*51 

26*66 

26*81 

M 

28*20: 

28*35: 

1 28*511 

28 66! 

28*82 

28*98, 

29*14 

29*29 

;18 

80*70, 

30*86 

31*02; 

31*18! 

31*34 

SrSO'! 

31 66 

31*81 

ii9 

33*29; 

33*45 

33*61 

33*78! 

33*94 

34 * 11 ! 

34*271 34*44 

120 

35*94: 

36*10 

36*27| 

36*46! 

36*60 

36‘77l 

36*94 

37*1] 

l2l 

38*651 

38*82 

39*00j 

39 * 17 ! 

39*34 

39*62, 

39*69 

89*86 

|22 

41*43i 

41*60 

41*78: 

41*98! 

42*13 

42*31 

42*49 

42*67 

|23 

44*28! 

44*46 

44*64| 

44*82i 

45*00, 

46*18 

45*38 

46-53 

|24 

47*18' 

47*36 

47*55 

47*721 

1 

47*911 

! 48*09 

48*28 

48-46 


i 

J3 

0 

S 

1 




1 


1 

if 


•14 

•17 

•20 

*23 

•26 

•ao 

'33 

•86 

1 

*74 

•78 

•83 

•87 

•93 

•98 

r03 

1-08 

2 

1*69 

1*65 

1*71 

1*77 

1*83 

1-89 

1*96 

2*02 

3 

2-63 

2*71 

2*78 

2*85 

2'92 

2-99 

3-07 

3-14 

4 

3*83 

3*91 

3-99 

4*07 

4*16 

4-24 

4*32 

4*41 

5 

5*18 

5*27 

5*36 

6'45 

5*54 

5*63 

5*72 

6*81 

6 

6*65 

6*75 

6-85 

6*95 

7-05 

7-15 

7*25 

7*35 

7 

8*25 

8*35 

8*45 

8*55 

8-66 

8*76 

8*86 

8-97 

8 

9*96 

30*07 

10*18 

10*29 

10 40 

10-61 

10*62 

10-73 

9 

11*77 

11*88 

12*00 

12*12 

12*23 

12*35 

12*47 

12-69 

10 

13*67 

33*80 

13*93 

14*04 

14-16 

14-30 

14*42 

14*55 

11 

16*67 

15*81! 

15-96 

16*08 

16 20 

I 16-34 

16-46 

16*59 

12 

17*78; 

17*91; 

18*05 

18-18 

18*32 

I 18*45 

IS'SSi 

18*72 

13 

19*97 

20*10 

20*24 

20*38 

20*52 

20*66 

20*80 

20*94 

14 

22*22 

22 35 

22*51 

22*65 

22*79 

, 22*94 

23 08' 

23 ‘23 

15 

24*66 

24*71 

24*86 

26-01 

25-16 

25*31 

25-46 

26'61 

16 

26*97 

27*12 

27*27 

27-43 

27*58, 

; 27-73' 

27*89 

28*04 

17 

29*46! 

29*60 

29*76 

29-92 

30*08 

1 30*23 

30*89 

30*56 

18 

i 3i-98i 

32*15 

32*31 

32-47 

82*63 

32*80 

32*96 

33*12 

39 

I 34*601 

34*77 

34*941 

35*10 

35*27 

1 35-44 

35 60 

35*77 

20 

37*281 

37*45 

37’62 

37*79] 

37*96] 

38-14 

38*31 

38-48 

21 

40*04 

40*21 

40*39 

40*56! 

40*73' 

40*91 

41*09 

41-26 

22 

42*84! 

43*02 

43*20 

43*38' 

48*56 

43-74 

43*92 

44-10 

23 

45*71 

45*90 

46*08 

46*26 

46-43 

46*63 

46 81 

47*00 

24 

48*65 

*48*83 

49*02 

49*20 

49*39 

49*68 

49*76 

49*93 


Pipe Ind Channel Discharges 
The simplest formulae for caionlatiDg the d iscbarg- 
ea of streams are Q=AXY, and Y=65X Yl>x2F; 
where Qs discharge in cubic feet per minute 
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A=w6ttied area of cross section in square feet, Y= 
velocity in feet per minute, D hydraulic mean 
depth in feet, or area of wetted perimeter in feet 
divided by length of wetted perimeter in feet, and 
F=fall in feet per mile. In the case of pipes 
flowing full, D= area of circle divided by interior 
circumference or diameter of pipe divided by 4. In 
this formula, no account is taken of the nature of the 
interior surface of pipe or channel. The theoretical 
principles governing the flow of water in pipes are : 

1. The frictional resistances within the pipe and the 
power available for overcoming them are two oppos- 
ing forces. Their relation determines the velocity 
of flow in a pipe. 2. The frictional resistance (a) 
varies with the nature of the interior surface 
of the pipe, (5) is proportional to the area of the 
wetted surface, (c) varies proportionately up to 
velocities of 6 inches per second, id) varies as the 
square of velocity above velocities of 6 inches per 
second, (e) is not affected by differences in pressure. ; 
The formula which is considered suitable and', 
accurate for old pipes in good condition by the ' 
Sanitary Engineer of this Presidency is the Kutter’s i 
formula, viz., * 
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where V = velocity in feet per second, S^sine of 
slope, E^* hydraulic mean depth. The process 
of simplification .involved in the application of this 
formula is so tedious, that without labour saving 
tables, it is impossible to use this formula. To 
cover cases of calculation for small water supplies, 
the following table calculated by the above formula 
is appended, 


Diameter of 
pipe in inches. 

Siae of 
inclination 
1 

over, 

Velocity in 
feet per 
second. 

Discharge 
in cubic feet 
per second. 

Discharge 
in gallons 
per minute, 

2 

100 

1'008 

*0219 

8*1994 

2 

65 

1’251 

■0273 

10*2211 

2 

46 

r505 

•0328 

12*2803 

2 

33 

1*768 

■0383 

14-3396 

2 

25 

2*021 

*0440 

16-4736 

2 

20 

2*260 

•0493 

18*4579 

2 

16 

2*527 

*0551 

20*6294 

2 

13 

2803 

*0611 

22-8758 

2 

11 

3-048 

•0664 

24*8602 

2 

9 

3*370 

*0736 

27*5184 

2 

8 

3*674 

*0779 

29*1668 

2 

7 

3*821 

•0833 

31*1875 

2 

6 

4*127 

*0900 

33-6960 

2 

5 

4*622 

*0986 

36’9158 

2| 

146 

1‘0109 

‘0344 

12*8794 


95 

1*2509 

*0426 

16*9494 


Diameter of 
pipe in inches. 

Sine of 
nclination 

1 

over, 

Velocity in 
feet per 
second. 

Discharge 
in cubic feet 
per second. 

Discharge 
in gallons 
per minute. 

2^ 

68 

1*5021 

•0512 

19*1693 


48 

1*7624 

*0600 

22-4640 


37 

2-0081 

*0684 

25*6090 

H 

29 

2-2688 

*0773 

28-9411 

H 

23 

2-5481 

-0868 

32*4979 


19 

2*8038 

*0956 

35*7926 


16 

3*0557 

*1041 

38-9750 

H 

14 

3*2669 

*1114 

41-7082 

H 

12 

3-5289 

■1203 

45-0403 

H 

10 

3*8659 

*1818 

49*3459 


9 

4*0752 

*1389 

52*0042 


8 

4*3226 

'1474 

55*3866 

H 

7 

4*6213 

•1575 

68-9680 

H 

6 

4*9916 

*1702 

63-7228 

2| 

5 

5-4682 

*1864 

69-7881 

3 

200 

1-004 

*0493 

18*4579 

3 

125 

1*273 

*0625 

23*4000 

3 

90 

1-502 

•0737 

27*5933 

3 

66 

1*755 

•0861 

32*2358 

3 

50 

2-017 

*0990 

37*0656 

3 

40 

2*256 

•1107 

41*4461 

3 

32 

2*523 

*1238 

46*8507 ■ 

3 

26 

2*800 

‘1374 

51*4426 

3 

22 

3 044 

*1494 

66*9354 

3 

19 

3*276 

*1608 

60*2036 

3 

16 

3*570 

•1752 

65*5949 

3 

14 

3*817 

•3873 

70*1251 

3 

12 

4*123 

'2024 

75*7786 

3 

11 

4*307 

■2114 

79*1482 

3 

10 

4*517 

*2217 

83*0045 

3 

9 

4*762 

•2337 

87*4973 

3 

8 

5*051 

•2479 

92-8138 

3 

7 

5*400 

•2650 

99*2160 

3 

6 

5*832 

•2863 

107*1907 

3 

5 

6*389 

•3136 

117’4118 

4 

■ 320 

1*006 

*0878 

32*8723 

4 

205 

1*262 

'1101 

41*2214 

4 

145 

l*50r 

*1311 

49*0838 

4 

105 

1*767 

•1642 

57*7325 

' 4 

82 

2*001 

*1746 

65*3702 

4 

64 

2*266 

*1977 

74*0189 

4 

52 

2*515 

*2195 

82*1808 

4 

43 

2-767 

•2414 

90*3802 

4 

36 

3*024 

'2639 

98*8042 

4 

31 

3*259 

*2844 

106*4794 

4 

26 

3*560 

■3106 

n6'2886 

4 

23 

3-785 

'3303 

123*6643 

4 

20 

4-069 

•3542 

132*6125 

4 

18 

4*279 

*3734 

139*8010 

4 

16 

4-639 

*3961 

148*2998 

4 

14 

4*853 

*4235 

158*5584 

4 

13 

5*036 

‘4395 

164*5488 

4 

11 

6*475 

*4778 

178*8883 

4 

10 

6-743 

•soil 

187-6118 

4 

9 

6*053 

*5283 

197*7955 

5 

455 

1-010 

*1377 

61*6549 

5 

295 

1*260 

*1718 

64*3219 

6 

205 

1*615 

‘2066 

77 3610 

6 

160 

1-774 

•2419 

90*5674 

6 

115 

2032 

*2764 

103*4842 

5 

93 

2*256 

*3076 

116*1664 

5 

75 

2*613 

‘3427 

128*3069 

6 

62 

2*765 

‘3770 

141*1488 
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° J ' Sine of 
^ 5 iEclinatico 

|i ^ 

5 

‘= o^er. 

^ J-U , 

YescciSy in 
feet per 
sesDad. : 

Discharge in ' Discharge In i 
cubic feet i gallons pet ' 
per second. • minoie. ! 

8 

no 

3-020 

1-054 i 

1 

394-6176 

8 , 

95 

3-251 : 

1*134 ! 

424-5696 

6 

82 

3-500 : 

l’22l j 

467 1424 

S 

71 : 

3-762 ^ 

1-313 ; 

491-5872 i 

8 

62 

4-027 , 

1'405 1 

526*0320 ! 

8 

55 

4-276 ' 

1*492 1 

558-6043 ' 

8 

49 

4-531 i 

1-581 ! 

591-9264 1 

8 : 

44 

4-782 i 

16G9 I 

624*8736 ! 

S ' 

40 

5-016 ; 

1*751 1 

655-5744 ' 

8 ^ 

36 

6-233 - 

1*846 j 

691-1424 ! 

8 ; 

33 

5 324 : 

1 923 ; 

721-8432 i 

8 

30 : 

5 '794 

2-022 ! 

757-0368 i 

8 ■ 

27 

6-107 

2-132 i 

798-2208 1 

O 

1150 

1-002 , 

•4427 1 

165-7469 ! 

9 ; 

750 

1251 ' 

-6527 i 

•206 -9309 

9 1 

5i0 

1-509 : 

■6670 

249-7-248 i 

9 i 

3S5 

1-759 i 

'7774 i 

291-0586 i 

9 

295 , 

2 014 1 

-8899 1 

333-1786 1 

9 

235 ' 

2-260 i 

‘9984 

373-8010 1 

9 

190 1 

2-516 i 

1-111 

415-9584 

9 

155 i 

2-787 i 

1'234 

46-2-0096 

9 

130 

3-045 j 

1-345 

503-5680 

9 

no 

3-312 1 

1‘463 

547-7472 

9 

98 

3-509 ! 

1'550 

580-3200 

9 

85 

3-769 1 

1-665 

623-3760 

9 

75 

4-014 

1-773 

663-8112 

9 

66 

4-279 1 

1-890 

707*6160 

9 

59 

4-527 ; 

2*000 

748-8000 

9 

53 

4-777 i 

2-110 

789-9840 

9 

48 

5 020 

2-218 

830-4192 

9 

43 

5-305 

2-343 

877-2192 

9 

40 

6*500 

2-430 

909 7920 

9 

36 

5-798 

2-561 

958 8354 

9 

33 

6-057 

2 675 

1001-5200 

9 

1350 

1-000 

•5456 

204-2726 

iO 

8B0 

1-250 

-6821 

255-3782 

10 

610 

1-510 

'8238 

308-4307 

10 

456 

1-754 

•9569 

358-2634 

10 

350 

2-004 

1093 

409-2192 

10 

276 

2‘265 

1*235 

462-3840 

10 

225 

2 507 

1-367 

611-8048 

10 

186 

2-767 

1-509 

664-9696 

10 

155 

3‘025 

1660 

617-7600 

10 

130 

3‘305 

1-802 

674-6688 

10 

115 

3-514 

1-913 

716-2272 

10 

100 

3-770 

2 057 

770-1408 

10 

88 

4-020 

2-192 

820-6848 

10 

78 

4-270 

2‘329 j 

871-9776 

10 

70 

4 '509 

2-459 

920 6496 

10 

63 

4-753 

2-592 

970-4448 

10 

56 

5-042 

2-750 

1029-6000 

10 

51 

5-284 

2-882 

1079-0208 

10 

47 

5-505 

3*002 

1123*9488 

10 

43 

5-756 

3‘139 

1175*2416 

10 

39 

6 044 

3-296 

1234-0224 

11 

1,550 

1-002 

•6612 

247-5533 

11 

1,000 

1-260 

*8318 

311*4259 

11 

710 

1-604 

•9927 

371-6669 

11 

520 

1-764 

1-164 

435-8016 

11 

405 

2 003 

1*322 

494-9568 

11 

320 

2-258 

1-490 

557-8560 

11 

260 

2-508 

1'655 

619-6320 

1“ 

215 

2-761 

1*822 

682*1568 


Diameter of 
pipe in inches. 

Sine of 
inclination 

1 

over. 

Velocity in 
feet per 
second. 

Discharge in 
cubic feet 
per second. 

Discharge in 
gallons per : 
minute, i 

5 

62 

3-020 : 

•4118 

154*1779 ; 

5 

• 44 

3-284 - 

•4478 

167-6563 ; 

5 

38 

3-534 : 

'4819 

180-4234 : 

6 

33 

3*793 i 

*5172 : 

193-6397 : 

5 

29 

4-047 ; 

•5518 ; 

205*5339 1 

5 

26 

4-274 : 

•5828 

218-2003 I 

5 

23 

4'545 j 

*6197 

232 0157 i 

5 

21 

4*757 , 

*6436 

242-8358 1 

5 

19 

5 001 

*6819 ; 

255*3034 1 

6 

17 

5-287 i 

*7209 , 

269-9050 i 

5 

15 

5-629 ; 

*7675 , 

287 3520 , 

5 

14 

5-828 ; 

*7945 , 

297-4608 I 

5 

13 

6-047 : 

‘8245 ■ 

308-6923 i 

6 

610 

1-008 1 

'1979 ; 

74-093 : 

6 

400 

l*25i ! 

*2456 , 

91-95-26 i 

6 

280 

1-500 ^ 

‘2945 

110-2608 1 

6 

205 

1-766 i 

'3448 , 

1290931 1 

6 

155 

2-021 i 

*3969 

148-5994 : 

6 

125 

2-253 ! 

‘4424 

165*6346 ! 

6 

100 

2-521 ‘ 

•4950 

185*3280 1 

6 

84 

2-751 

■5403 

202*2883 ! 

6 

70 

3-015 

*5920 

221-6443 1 

6 

60 

3‘258 

*6397 

239-5037 > 

6 

52 

3 -500 

•6873 

257-3251 

6 

45 

3-763 

*7389. 

276 6442 

6 

39 

4-043 

*7938 

297-1987 

6 

36 

4*268 

•8381 

3l3 7846 

6 

31 

4*635 

•8907 

333*4781 

6 

28 

4*774 

•9371 

350-8502 i 

6 

25 

5*052 

•9919 

371-8674 i 

6 

23 

6 267 

1034 

387-1296 ! 

6 

21 

5.512 

1*082 

405 1008 

6 

19 

5-795 

1-137 

425*69-.i8 

6 

17 

6-1-27 

1-203 

450*4032 

7 

780 

1 004 

•2685 

100 5264 

7 

510 

1-250 

•3341 

125-0870 

7 

355 

1*504 

•4020 

150-5088 

7 

260 

1*762 

*4708 

176-2675 

7 

200 

2-Oil 

•5376 

201*2775 

7 

160 

2*251 

*6016 

225*2390 

7 

125 

2*548 

*6811 

1 255 0038 

7 

105 

2-732 

*7435 

1 278*3664 

7 : 

90 

3 006 

*8034 

1 300 7930 

7 

77 

3'251 

‘8688 

325-2787 

7 

66 i 

3’512 

*938? 

351-4493 

7 

57 i 

3 780 

1010 

378*1440 

7 

50 1 

4*037 

1*078 

403*6032 

7 

45 i 

4-256 

1*137 I 

425-6328 


40 

4-614 

1*206 

451*5264 

7 

36 

4*759 

1-272 1 

476*2368 

7 

32 

6-048 

1*349 

505 0656 

7 

29 

5-303 

1*417 

530*6248 

7 

26 

6-601 

1*497 

560*4768 ! 

7 

24 

5*830 

1-558 

683-3152 

7 

22 

6-090 

1*627 

609-1488 

8 

960 

1003 

-3501 

131*0774 

8 

620 

1*257 

*4390 

164*3616 

8 

435 

1*507 

•5262 

197 0093 

8 

320 

1-762 

•6152 

2S0 3309 

8 

245 

2-018 

*7043 

263 6899 

8 

195 

2-264 

*7903 

295*8883 

8 

160 

2-502 

•8732 

326*9261 

8 

130 

2-777 

•9683 

. . 

362*9059 



188 


MINOB SANITAEI ENGINEEEIHG. 


*5 m 

O o 

A 

o 

w .S ; 
•s 0 

i,l 

Bine of 
nolination 

1 

over. 

Velocity in 
feet; per 
seoond. 

Discharge in 
cubic feet 
per second. 

Discharge in 
gallons per 
minute. 


Diameter of 
pipe in inches. 

Sine of 
uclination 

1 

over. 

Velocity in 
feet per 
second. 

Discharge in 
cubic feet 
per second- 

Discharge in 
gallons per 
minute. 

11 

180 

3'019 

1*993 

746*1792 


14 

260 

3-012 

3 212 

1202*5728 

11 

155 

3'255 

2*148 

804*2112 


14 

220 

3-277 

3-495 

1308*5280 

11 

180 

3‘556 

2*346 

878-3424 


14 

190 

3*529 

3-763 

1408-8672 

11 

115 

3'782 

2-496 

934*5024 


14 

165 

3*788 

4*040 

1512-5760 

11 

100 

4-066 

2*683 

1004*5152 


14 

145 

4*042 

4*311 

1614-0384 

11 

91 

4*263 

2*813 

1053-1872 


14 

130 

4*270 

4*554 

1705*0176 

11 

81 

4-509 

2*976 

1114*2144 


14 

115 

4*542 

4*844 

1813-5936 

11 

73 

4*751 

3436 

1174*1184 


14 

105 

4-753 

6 070 

1898*2080 

11 

65 

5*035 

3*323 

1244*1312 


14 

94 

5-025 

5*389 

2006*4096 

11 

62 

5*286 

3*488 

1305*9072 


14 

86 

5-254 

5*604 

2098*1376 

11 

54 

5*526 

3-647 

1365*4368 


14 

78 

5 518 

5*885 

2203-3440 

11 

49 

5-802 

3*828 

1433-2032 


14 

71 

5-784 

6*169 

2309*6736 

11 

45 

6 054 

3-995 

1425-7280 


14 

66 

6*000 

6*399 

2395*7856 

12 

1750 

1-005 

•7894 

295*5514 


15 

2400 

1*008 

1*237 

463*1328 

12 

1160 

1-253 

•9844 

368*5594 


15 

1600 

1*250 

1*534 

674*3296 

12 

810 

1*502 

1-180 

441*7920 


15 

1100 

1-520 

1*865 

698*2860 

12 

600 

1*753 

1*376 

515*1744 


15 

830 

1-758 

2*157 

807-6808 

12 

460 

2-007 

1*576 

590-0544 


15 

640 

2*008 

2*465 

922*8960 

12 

865 

2‘258 

1*773 

663 8112 


15 

510 

2-255 

2 767 

1035*9648 

12 

295 

2*514 

1*978 

739-4400 


15 

415 

2*504 

3-073 

1160*6312 

12 

245 

2*762 

2*169 

812*0736 


15 

345 

2*750 

3-374 

1263-2266 

12 

205 

3-022 

2*374 

888-8256 


15 

290 

:i'002 

3-684 

1379-2896 

12 

175 

3-273 

2*570 

962-2080 


15 

246 

3*270 

4*012 

1502-0928 

12 

150 

3-537 

2*778 

1040*0832 


15 

210 

3*633 

4*336 

1623*3984 

12 

130 

3'800 

2*984 

1117*2096 


15 

185 

3*767 

4*622 

1730-4768 

12 

115 

4-042 

3*174 

1188*3456 


15 

160 

4-052 

4*972 

1861-5168 

12 

100 

4-835 

3*405 

1274*8320 


15 

145 

4*257 

5-224 

1955-8656 

12 

92 

4‘620 

3*550 

1329-1200 


15 

125 

4*686 

5*628 

2107-1232 

12 ' 

83 

4-760 

3*738 

1399 5072 


15 

116 

4*782 

6-869 

2197*3536 

12 

75 

5*008 

3 933 

1472-5152 


15 

105 

5*007 

6*144 

2300 3136 

12 

68 

5*261 

4*132 

1547-0208 


15 

95 

5-263 

5-459 

2418-2496 

12 

62 

5*610 

4*327 

1620-0288 


15 

87 

5*601 

6 750 

2527*2000 

12 

56 

5*798 

4*555 

1705*3920 


15 

79 

5*773 

7*085 

2652*6240 

12 

62 

6*018 

4-726 

1769-4144 


15 

73 

6 007 

7*371 

2769*7024 

13 

1950 

roo9 

•9303 

348-3043 


16 

2650 

1’004 

1*402 

524-9088 

13 

1300 

1*250 

1*152 

431-3088 


16 

1750 

1*252 

1-749 

654 8256 

13 

9i0 

1*504 

1*386 

518-9184 


16 

1200 

1-526 

2-530 

797-4720 

13 

670 

1*761 

1*623 

607*6612 


16 

920 

1*750 

2*444 

915 0336 

13 

520 

2*004 

1*847 

691*5168 


18 

700 

2-014 

2*812 

1052-8128 

13 

410 

2-262 

2-085 

780 6240 


16 

660 

2-267 

3*151 

1179*7344 

13 

336 

2-506 

2*310 

864*8640 


16 

455 

2-608 

3*502 

1311*1488 

13 

275 

2-770 

2*552 

955*4688 


16 

375 

2-776 

3 862 

1445-932 

13 

230 

3*031 

2*793 

1045-6992 


16 

315 

3‘021 

4*219 

1579*5936 

13 

200 

3 251 

2-997 

1122*0768 


16 

270 

3‘266 

4*561 

1707 6384 

13 

170 

3*529 

3*253 

1217*9232 


16 

235 

3-503 

4*891 

1831*1904 

13 

150 

3*758 

3*464 

1296*92116 


16 

205 

3*753 

5 240 

1961-8560 

13 

130 

4 038 

3*722 

1393*5168 


16 

180 

4*007 

5*594 

2094*3936 

13 

115 

4*294 

3*959 

1482*2496 


16 

160 

■ 4*251 

6*935 

2222-0640 

13 

100 

4 607 

4*246 

1589 7024 


16 

140 

4-546 

6*347 

2376-3168 

13 

• 94 

4*752 

4*380 

1639*8720 


16 

125 

4*812 

6*719 

2515*6936 

13 

84 

5*028 

4*634 

1734*9696 


16 

115 

5 018 

7-006 

2623*0464 

13 

77 

5*252 

4*841 

1812*4704 


16 

106 

6*252 

7-333 

2745*4752 

13 

70 

5*509 

5-077 

1900*8288 


16 

95 

6*523 

7‘711 

2886*9984 

13 

64 

5-762 

6'311 

1988*4384 


16 

87 

6-772 

8-059 

3017-2896 

13 

59 

6-002 

5*632 

2071*1808 


16 

80 

6*020 

8*406 

3147-2064 

U 

2200 

1*002 

1*068 

399-8592 


17 

2900 

1003 

1*681 

591-9264 

li 

1450 

1*250 

1*833 

499-0752 


17 

1900 

1*258 

1*983 

.742*4362 

U 

1000 

1*516 

1*617 

606*4048 


17 

1350 

1-505 

2*372 

888*0768 

14 

750 

1*768 

1*878 

702*0000 


17 

1000 

1*769 

2*772 

1037*8370 

14 

580 

2*005 

2*139 

800-8416 


17 

770 

2*011 

3*170 

1186-8480 

14 

460 

2*256 

2'406 

900-8064 


17 ■ 

610 

2*265 

3*571 

1336*9824 

14 

375 

2*503 

2*669 

999*2736 


17 

500 

2-607 

3-951 

1479*2644 

14 

310 

2*756 

2*940 

1100*7860 


17 

415 

2*755 

4*343 

1626‘0192 


WATBR SUPPLY. 
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1 Sine of 1 
W.H Uaclinatiion 

®.S i JL 

1 ft ! OVBt, 

P’O' ! 

Velocity in 
feat per 
second. 

Discharge ' 

0 cubic feet ^ 
pet second. 

Discharge ‘ 
in gallons , 
per minute. 

17 

360 

3’003 1 

4*734 

1772*4396 

17 

295 

3'275 

5*162 

193-2*6528 

17 

255 

3’ 525 i 

5*556 : 

2080*1664 

17 

225 

3’754 i 

5*918 , 

2215*6992 

17 

195 

4*035 i 

6*360 ; 

2331*1840 

17 

175 

4*261 1 

6*716 ' 

2514*4704 

17 

155 

4*528 

7*138 

267-2-4672 

17 

140 

4‘766 

7*512 

2812-4928 

17 

125 

5 045 

7*952 i 

2977-2-283 

17 

115 

5*260 

8*292 : 

3104 5-248 

17 

105 

5*506 

8*679 ; 

3249*4176 

17 

96 

5*759 

9*078 1 

3393'8030 

17 

88 

6*016 

9*483 I 

3550*4352 

18 

3,100 

1008 

1*782 ; 

667*1803 

18 

2,050 

1*259 

2‘224 i 

83-2*6656 

18 

1,450 

1*510 

2 669 ! 

999 2756 

18 

1,050 

1*785 

3*155 

1181*2320 

18 

840 

2*002 

3*538 

1324 6272 

18 

660 

2*265 

4*003 

1493*7232 

18 

540 

2*509 

4*434 

1660 0896 

18 

460 

2 •752 

4*864 ! 

1821*0316 

18 

375 

3*019 

5*335 j 

1997*4240 

18 

320 

3*271 

5*780 

2164*0320 

18 

276 

3*531 

6 240 1 

1 2336*2560 

18 

240 

3*782 

6*683 

2502*1152 

18 

210 

4*046 

7*149 

i 2676*6856 

18 

190 

4'255 

7*513 

! 2814*7392 

18 

165 

4*567 

8*070 

1 3021*4080 

18 

150 

4*791 

8*467 

< 3170*0448 

18 

185 

5 051 

8*926 

3341*6944 

18 

125 

5*250 

9*277 

3473*3088 

18 

110 

5*598 

9*892 

3703'5848 

18 

105 

5 770 

10*13 

3792*6720 

18 

95 

6*025 

10*64 

3983*6160 

19 

3,400 

1000 

1*971 

737-9424 

19 

2,250 

1*251 

2*462 

921*7728 

19 

1,550 

1*522 

2*996 

1121 7024 

19 

1,150 

1*777 

3*499 

1310-0256 

19 

910 

2*005 

3*947 

1477 7568 

19 

720 

2*260 

4 451 

1666*4544 

19 

590 

2*502 

4*926 

1844*294 

19 

485 

2*764 

5*442 

2037*484 

19 

410 

3*009 

5*926 

2-218*6944 

19 

350 

3*260 

; 6*420 

2403 6480 

19 

300 

3-524 

; 6*940 

2698*3360 

19 

265 

3*752 

7*388 

i 

2766*0672 


*0 S 

-g ' Sine of 
g.S iuciination; 
■©a ' 1 

1 §. ovet. 

Q'S. , 

Velocity in i 
feet per 
second. ; 

! 1 

Discharge ! Discharge ; 
in cubic feet * in gallons ; 
per second, i per minute. 1 

19 

230 

4*030 

7*935 1 

t 

2970*8640 | 

19 ! 

205 

4*271 i 

8*408 ; 

3147*9552 I 

19 ; 

180 

4-559 ; 

8*977 : 

3360*9888 ! 

19 ! 

165 

4-763 1 

9*378 I 

3511*1232 1 

19 ! 

145 

5*083 i 

10*00 ; 

3744*000 I 

: 19 

135 

6*267 i 

10*37 ? 

3882*528 , 

; 19 

120 

5*588 i 

iroo i 

4118*400 1 

: 19 

no 

5*833 

11*49 : 

4301*856 ■ 

! 19 

100 

6*12-2 

12*05 ! 

45115-/0 ,, 

' 20 

3500 

1022 

2*2-29 i 

834-5376 ! 

' 20 ! 

2400 

1-252 

2 733 1 

1023*2352 ! 

■ 20 S 

1700 

1-603 

3*-279 

1227*6576 i 

! 20 '■ 

1250 

1*764 ^ 

3-848 

1440*6912 

■ 20 

980 

2-000 

4-363 

1633*5072 ; 

; 20 

770 

2-263 

4-937 

1848*4128 I 

! 20 

630 

i 2*607 

5*469 

2047*593 ! 

; 20 

520 

2'764 

6 030 

2257*632 ; 

; 20 

440 

3 008 ^ 

6*563 

2457*1872 

! 20 

375 

3*26-2 

7*116 

2664*2304 

i 20 ! 

3-25 

3*506 

! 7-650 ; 

2864*1600 , 

i 20 ' 

280 

8*780 

8-248 ‘ 

3088*0512 1 

i 20 

250 

4 003 

8*733 ; 

3269 6352 1 

i 20 

220 

4-269 

9*314 1 

3487*1616 i 

i 20 

195 

4*536 

9*896 1 

3705 0624 1 

i 20 

175 

4*790 

10*45 ! 

3912*480 

1 20 

160 

5*010 

10 93 

4092 192 

j 20 

145 

5 264 

11*48 

4298*112 

j 20 

130 

5*56-2 

12*12 

4537*728 

20 

120 

5*788 

12*62 

4724 928 

20 

no 

6*047 

« 13*20 

i 

1 4942 080 


Hydraulic Gradient. 

The hydraulic gradient (see fig. 26, plate 151) 
is the slope from the water level at the source to 
that at the point of discharg^as shewn on line B G 
or as shewn along BAG when water is ^deliveied 
under pressure, indicating the levels to which water 
would rise in vertical pipes if erected along the pipe 
line. No part of the pipe should rise above the 
gradient line. At all high points below the line of 
hydraulic gradient, air valves should be provided 
to release the accumulated air at the upward bends. 



WATEE SUPPLY: VAEIOUS METHODS OP LIFTING WATBE WITH 
DETAILS OF APPLIANCES USED AND THE OONSTEUOTION OF 
THE OEDINAEY LIFT AND POECE PUMPS. 


Pnmping Plant. 

Judged from the charaoter of fuel for the plant, 
pumping plants used in water works are classed as 
steam plant in which coal or wood is fuel ; oil 
engines in which kerosine oil or liquid fuel is fuel, 
and gas producing plant in which anthracite or 
charcoal is fuel In cases where the supply of 
water to be raised is small, hand pumps for manual 
labour are employed. The relative merits and 
demerits of the different classes of the pumping 
plant are beyond the scope of the present lectures. 
For small water supply schemes. Hornsby’s Oil 
Engines and Oentrifugal Pumps may be adopted. 

Lift And Force Pumps. 

The principle of the action of the pumps is 
similar to that of the syphon and other hydraulic 
applications and depends upon the balance of weight 
between a column of water of a certain height and 
the atmosphere. In figs. 29 and 30, plate 151, are 
shewn the common suction pump and the lifoing 
pump. In the case of pumps, the bast results are 
obtained when the suction side does not exceed 15 
feet. It should, under no circumstances, exceed 20 
feet. In the case of the common suction pump, 
fig. 29, the water is raised through a suction pipe 
and delivered by a discharge end which is attached 
to the barrel or cylinder. In the ease of the 
lifting pump, fig. 30, a rising pipe in the place of 
the ordinary spout is attached with a valve at the 
lower end of this pipe to prevent the return of 
the water. In the case of the lifting pumps, the 
piston rod works through a stuffing-box the upper 
end of the barrel being securely covered down 
owing to considerable pressure within the pump 
barrel The power required to work a lifting pump 
must be sufficient not only to fill the barrel from 
below but also to lift the column of water in the 
rising pipe. In the market, there are a number of 
hand pumps. For small supplies, one inch to one 
and a half inch semi-rotary pumps, as shewn in 
plate 156, may be adopted. Where the supply is 
rather large, Indian kite motion double barrel pump 
should be adopted. This pump is so constructed 
that the complete cylinders or barrels with the 
suction and delivery boxes attached can be taken 
out and erected below the frame for deep well pur- 
poses. These pumps are made in four sizes, viz., 
li inch capable of delivering 500 gallons per hour ; 
2 inch capable of raising 725 gallons per hour; 
2i inch capable of raising 1,000 gallons per hour and 


2i inch capable of raising 1,300 gallons per hour. 
The prices vary from Es. 330 to Es. 390. 

Hydraulic Memoranda. 

1. One Imperial gallon =277‘463 cubic inches. 
2. One Imperial gallon = 16 cubic foot. 3. One 
Imperial gallon = 10 lb. avoirdupois at 62 degrees 
Fahrenheit. 4. One Imperial gallon =4’516 litres, 

5. One United States gallon = 231 cubic inches. 

6. One United States gallon =8'33111 lb. 7. One 
cubic foot of water = 6'23 Imperial gallons (usually 
taken as 6’25 gallons). 8. One cubic foot of water 
= 7*480519 United States gallons. 9 One cubic foot 
of water = 62*28 lb. 10. One cubic foot of water = 
‘55606 cwt. 11. One cubic foot of water=‘0278 
ton. 12. One cubic foot of water =28*3116 litres. 

13. One cubic foot of water = *0283 cubic metre. 

14. One cubic inch of water = 252*286 grains. 15. One 
cubic inch of water =*03604 lbs. 16. One pound 
of water=*10 Imperial gallon, 17 One pound of 
water = 2774 cubic inches. 18. One ton of water 
=224 Imperial gallons. 19. One litre of water = 
‘22 Imperial gallon. 20. One cubic metre of water 
=220 Imperial gallons. 21. One cubic metre of 
water=l ton (approximately). 22. One Kilo, of 
water=2'2046 lbs. 23. Head in feet X ‘4335 = pres- 
sure in lbs. per square inch. 24. Head in feet X '341 
= pressure in lbs, per circular inch. 25 Head in feet 
X 62*425 = pressure in lbs. per square foot. 
26. Pressure in lbs. per square inch X 2 '306 = head in 
feet. 27. Pressure in lbs. per square foot X *016 = 
head in feet. 28. A pressure of 1 lb. per square 
inch = column of water 2*31219 feet high. 29. A 
column of water 1 foot high = a pressure of ‘4325 
pounls per square inch. 30. Gallons contained per 
foot run of pipe = (diameter in inches)^ X *034. 
31. Pounds per foot run of pipe=(dia, in inches)^ 
X *34. 32. DjuHingJhe diameter of a pipe incrqa.sqs 
its capacity four times. 33 . Discha rge varies as thp 
squa re root of the * head.’ 34. The ffib1idal)f ffq^^ 
in ""pipes inereYseT as Ihe sq uare of . the velocity, 
35."" The horse-power tequired "to raise ' a'*i[v5h 
quantity of water in gallons to a given height is 
found as follows ; Multiply the water to be raised 
in gallons par minute by 10 and by the height the 
water has to be raised in feet, and divide the pro- 
duct by 33,000. 36. The manual power (working 
8 hours) required is found thus : Multiply the water 
to be raised in gallons per minute by 10 aud by the 
height the water has to be raised in feet, and divide 
the product by 2750. Add 50 per cent, for friction, 



WATEE SLTPLT: PIPES k^I) FITTINGS. 


Classiication Iiid Uses. 

In water supply works, cast iron pipes are used 
as mains in streets, as tbey are cocsidered the best 
class of pipes for coDvaying water in distribution 
arraDgemeots. Cast iron pipes should, in all 
cases, be of standard sizes and street mains should 
never be less than 3 inches in diameter. The house 
service pipes should be galvanised wrought iron 
tubes. Generally speaking, pipes with flanged 
joints, and pipes with spigot and socket joints are 
the two forms of cast iron pipes. The flanged joint 
is used in vertical pipes and in connections with 
meters, valves, etc.; but the leaded joint pipes called 
plain pipes (see fig. 2 , plate 188 are generally 
employed for all street mains. The .spigot and 
socket pipes are of two classes, pipes with turned 
and bored joints (see fig. 1 , plate 188) and pipes 
with lead joints (see fig. 2 , plate 188). At the pre- 
sent day, pipes with turned and bored joints are not 
used as the joints are not so satisfactory as lead 
joints in plain pipes In turned and bored pipes, 
one disadvantage is that there is no allowance for 
expansion,, Plain pipes are suitable in all situa- 
“* 60118 . Turned and bored pipes are jointed in 
the following manner. The joints to be connected 
are thoroughly cleaned, then smeared with thin 
red lead or liquid English Portland cement. The 
spigot is then inserted in the socket and the pipe 
driven home by placing a block of wood at the 
other end and tapping it with a mallet. When the 
spigot end of the pipe has been inserted into the 
socket so as to be truly concentric and in a straight 
line with the pipes already laid, and after a reason- 
able length of pipes has been rammed home, the 
space left remaining between the inside of the 
socket of one pipe and the spigot of another should 
be filled in with nearly dry Portland cement mortar 
of composition 1 to 1 which shall be thoroughly 
well caulked into the space and the space should be 
neatly finished flush with the face of the socket. 
The object of cement jointing is to prevent the 
sucking into the pipe of subsoil water in the event 
of the turned and bored joints being slightly drawn 
apart owing to subsidence or contraction of the 
pipes themselves, i, J, tii f V . bends shown in fig, 
3, branch pipes shown in fig. 4, taper pipes shown 
in fig. 5, and collars shown in fig. 6 , are jointed 
similar to plain pipes, fig. 2 , plate 188, with lead 
according to the following specification of the 


Sanitary Engineer to Goverament. “ After the pipes 
or specials are placed in correct positions for joint- 
ing, the joints shall be formed as follows. At least 
one complete Ian of clean white hempen spun yarn 
shall be forced into t-ha bottom of the socket. 
Several laps of tarred yarn shall then be forced into 
the joint and caulked tight so as to leave at least 


the depths of joint for 

the lead as noted below : 


Depth of 

Diameter of pipe. 

lead joint. 

2 '' to 5" 

ir 

6 ''^ to 12 ^' 

... 2" 

14''^ to 18" 

2f 

20" to 24" 

2r 


The pipes shall rest on the bottom of the trenches 
throughout their entire length of each pipe except 
at the sockets where hollows are made to enable 
the jointing to be done. The pipes shall then be 
examined for line and level and the space left in the 
socket shall be filled by pouring in melted lead. 
This may be best done by using rubber jointing 
rings. When these are not available, a ring of hemp 
rope covered with clay shall be wrapped around 
the pipe at the end of the socket, leaving an open- 
ing at the top of the socket into which the lead can 
be poured. The hemp rope shall be supported by 
clay packing so as to stand the operation of lead 
pouring. The lead used shall be the best English 
silver lead free from impurities and shall be care- 
fully skimmed of all scale when melted in a cast 
iron pot or patent melting machine. Sufficient 
lead shall then be taken from the pot by a ladle 
and run hot into the joint, and the joint filled at 
one running with lead flush with the outside of the 
joint which shall then be “ set up” by a suitable 
caulking tool and a 4-lb. hammer when cool, until 
the lead is at least i inch within the edge of 
socket. Lead wool joints : When the pipes are to be 
jointed with “ lead wool ” joints the following in- 
structions shall be observed ; After the pipes or 
specials are laid in the exact position they are to 
occupy, the space for jointing shall be filled with 
yarn and lead in the following manner. A skein of 
untarred yarn shall be taken and wound round the 
pipe and then forced into the interior of the joints 
by a suitable caulking tool More skeins of untarred 
yarn shall be added similarly and caulked tight so 
as to leave at least the depths of joints for lead 
wool as noted below ; 
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Diameter of 
pipe in inches. 

Depth of lead 
wool in inches. 

Diameter of 
pipe in inches. 

Depth of lead 
wool in inches. 


H 

12 

If 

3 


14 


4 

n 

15 


5 

H 

16 


6 

li 

18 

3| 

7 

If 

20 

If 

8 

li 

21 

3f 

9 

li 

22 

J| 

10 

li 

24 

If 


A skein of lead wool shall then be taken and 
inserted in the joints and well oanlked home with 
a caulking tool and a 4 lb. hammer. Further skeins 
shall be added and caulked until the socket is filled 
with well’ caulked lead wool to within Ij inch of 
the outside edge of socket. The caulking tools 
shall be shaped to suit the circumference of the 
pipe being jointed and shall be somewhat less in 
thickness than the width of space of joint. The 
handles of tools shall ha suitably shaped so that 
they may be easily driven by a caulking hammer, 
the weight of which shall not be less than 4 lb. 
Special care shall be taken with the caulking of the 
first two or three turns of lead wooli and also the 
remainder, otherwise the joint may leak. No 
ordinary cold chisel shall be used in jointing but 
only suitable caulking tools." Certain means of 
regulation are required in all pipe lines and service 
connections. Those which govern the flow of 
water through main pipes for turning on or off 
water in pipes are called sluice valves, see 


figs. As, As, A 4 , and As, in plate 189. Similar valves 
used in service connections are called cocks. Valves 
used for preventing water flowing in the wrong 
direction are called retaining or reflux valves, see 
figs. 43 and 44 in plate 190. Valves used for per- 
mitting automatically the escape of air from street 
mains are called air valves, see figs. H 7 H 4 H 5 , 
H 21 , H 22 , H 23 Hso and Hsi in plates 189 and 190. Tbe 
valves used in outlet chambers to regulate the flow 
from filter beds are called filter outlet regulators, 
see fig. Alls of plate 190, Water passing through 
pipes are measured by meters. Meters are either 
direct action or inferential. As a rule, to avoid 
wastage and prevent the use of water to any un- 
reasonable extent, meters are introduced at service 
connections. A specimen of a household meter is 
shown in plate 191. The taps used at service con- 
nections are of many patterns. Tbe street foun- 
tains at municipal water works are provided gene- 
rally with Tylor’s Patent ‘ Waste-Not Self-Closing 
Galvanised Iron Valves.’ This valve is shown in 
plate 191. The different parts of this valve viz., 1 . 
spindle socket and plunger, 2 . spring, 3 , cam spindle, 
4. bush for cam spindle, 5. cam, 6 . seating and 
guide cage, 7. bush and stuffing-box for cam spindle, 
8 . lever handle and 9. screw for cover, are shown 
in plate 191. The connection of a service pipe from 
a main is made by means of a stop ferrule as 
shown in plate 191. I am indebted to Messrs-, 
Glenfield and Kennedy, Ltd., and Messrs. J. Tylor 
and Sons, Ltd., for tbe figures illustrated in plates 
189 to 191. The details of the standard oast iron 
pipes and specials shown in plate 188 are given 
below : 




Details For Cast Iron Plain Pipes 
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Details For Cast iron Bends. 
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Details For Cast Iron 
Branch Pipes. 


Diameter. 

Length. 

Length. 

A 

B 

C 

Inches, 

Inches. 

Inches. 

2 

5 

12 


51 

12| 

3 

61 

13| 

4 


15 

5 

H 

16i 

6 

8 

18 

7 

81 


8 


21 

9 

lOi 

22J 

10 

11 

24 

12 

12| 

27 

14 

14 

30 

15 

14| 

31i 

16 


33 

18 

17 

36 

20 

18^ 

39 

21 

19i 

40J 

22 

20 

42 

24 

21i 

45 


Note Dimensions of 
spigot and socket will be same 
as for ordinary pipes. 


Details For Cast Iron 
Taper Pipes. 


Size. 

Length. 

A 

Inches. 

Feet, 

2|X2 

2 

3 X2| 

2 

4 X3 

2 

5 X4 

2 

6 X5 

2 

7 X6 

2 

8 X7 

2 

9 X8 

2 

10 X9 

2 

12 XlO 

4 

14 X12 

4 

15 Xl4 

2 

16 Xi5 

2 

18 Xi6 

4 

20 Xi8 

4 

21 X20 

2 

22 X21 

2 

24 X22 

4 


NOTE Dimensions of 
spigot and socket will be 
same as for ordinary pipes, 


Details For Cast Iron Collars. 


Bore of pipe. 

Length. 

Length. 

Length, 

P 

D 

C 

L 

Inches. 

Inches. 

Inches, 

Inches. 

2 

3 

1 

9 

2^ 


I 

9 

3 

4 

1 

9 

4 

5 

i 

9 

5 

6 

I 

10 

6 

7 

1 

10 

7 

Bi 


10 

8 


* 

11 

9 

m 


11 

10 

m 

4 

12 

12 

13§ 

1% 

124 

14 

151 

i 

124 



1 ' 

13 

16 

17| 

I 

13 ■ 

18 

191 

U 

13 

20 

21| 

1 

16 


Note :—!rh,e sockets of collars will be same as for plain 
ordinary pipes. 
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liaicipai Workshop: Plate 178. 

Iq the above plate is illustrated the type design 
No. Ill issued with proceedings of the Madras 
Sanitary Board, No. 112-S., dated 24-3-1911. 
The specification report which accompanied this 
design was as follows: General: The workshop 
generally consists of : (1) Pumping station workshop 
measuring 30' 0" x 15' 0", with a room, for the 
installation of 3i B. H. P. Hornsby Oil Engine, 
on the left measuring 8' 0" x 8' 0". (2) Pumping 
station store measuring 12' 0" x 15' 0". There will 
be a covered verandah in front for a blacksmith, 
measuring 17' 3" x 10' 0". 2. Foundations will 
be 3 feet deep in the case of main and cross walls of 
the building, These will be built of brick in surkhi 
mortar. The depth of the foundations should be 
increased in loose soil. In a place where concrete 
is cheaper than brickwork, the whole of the founda- 
tions to ground level may be built of broken vitrified 
bricks or stones in surkhi mortar. If random rubble 
in surkhi mortar is also found cheaper than brick- 
work, the foundation masonry may be built of the 
former. The pressure on the soil in foundations as 
shown on the drawing amounts to ‘69 ton per square 
foot, 3. Basement will be 1 foot high of brick- 
work in surkhi mortar. In places where stone work 
is cheaper than brickwork, the basement may be 
built of coursed rubble, first sort, in surkhi mortar. 
4. Filling in of the basement should be with clean 
sand only. 5. Superstructure will be of brickwork 
in mortar. If coursed rubble, first sort, in mortar 
is cheaper than brickwork, the walls may be built 
of the former. 6, Flooring will be of Ouddapah 
slabs, 2 inches thick, laid on 4 inches of surkhi 
concrete and all joints shall be pointed to the full 
depth of the slab with English Portland cement. 
7. Inside and outside of walls will usually be 
plastered with chunam, two coats. But if the walls 
are of coursed rubble, they should not be plastered 
on the outside but the joints should be neatly point- 
ed with surkhi mortar. 8. Hoofing will consist of 
Mangalore tile roofing over rafters placed 2 feet 
apart from centre to centre. 9. Doors and windows : 
The doors will be full panelled and windows full 
battened with iron bars and they will open inside. 
No projecting door sill pieces should be put in. 
10, Woodwork : Provision in the estimate has been 
made for teakwood doors, windows, and roof 
timbers. 11. Painting: The exposed woodwork, 
doors and windows will be painted with at least 
two coats of best oil paint. 12. Shelves : There 
should be an ample supply of shelves in the store 
room as shown. 13. The cost of design wii vary 
from Es. 1,880 to Bs. 2,820 according to locality 
and that of tools and plant required for the above 
will be about Es. 2,909. Note : la places where the 
nature of the local lime is such as to render the use 
of surkhi unnecessary, surkhi may be omitted. 


Abstract Of Quantities For A Workshop ; 
Plate 178 . 

Quantity, 

Description of work. 

1,339 c, ft. ... 

Earthwork in eicavaiing foundations, i 

; 332 „ ... 

Pilling in basement with clean sand. 

1 1,124 „ ... 

Brickwork in surkhi mortar in founda- 
tions and basement. 

1,944 „ ... 

Brickwork in chunam in superstructure, i 

1 82 „ ... 

Archwork, brick in mortar. | 

664 sq. ft, ... 

1 

Piooring with 2* Ouddapah slabs laid on ! 

4* surkhi concrete and neatly pointed i 
1 with cement to the full depth of the | 
; slab. ! 

3,683 „ 

; Plastering with chunam, smooth, two ! 
coats, inside and outside. | 

1 1,593 „ 

' Hoofing with Mangalore tiles including | 
teak reepers. j 

i 84 „ 

1 Teakwood doors, 4' X 7', full panelled, i 

[ 

; including bottom cutstones, etc., com- 1 

* I 


141 „ Teakwood windows, full battened with 

J icon bars including frames, fittings, 

I etc., complete, 

116 '8 0 . ft. ...| Teakwood, wrought and put up complete. 
1,994 sq. ft. ...| Painting, two coats, with silicate im- 
perial paints. 

18 c. ft. ...| Barge board, teak, 9" depth and I” thick. 

15 „ ...j Sbei?es, l' Ij' width with brackets, etc., 

complete. 

) c. ft. ...j Gravelling including spreading, watering 
tamping, etc., complete. 

60 1. ft. ... Old iron rails. 

J r. ft, ... Dental cornice. 

No. 1. ... Water tank. 

Petty charges at 3|per cent. 

Total Ea, 

Tools and plant. 

No. 1. ... I Drilling machine, No. 200 with table, 

base plate, vice and drills, capacity I* 
complete with cast iron stand No. 209 
as per George Hatch and Company’s 
catalogue P of machinery and tools 
No, 4580, Crow Buildings 20 and 21, 
Queenhithe and Ball and Wharf lane, 
Upper Thames Street, London, B.C, 
The “Mechanic” improved selhaoting 
screw cutting, sliding and surfacing, 
gap lathes, with 4 jawed chuck, 8 
screw belt chuck, catch plate, com- 
pound pivot, slide rests, with traversing 
motion for self-acting, surfacing, fol- 
lowing stay and steady rest and in- 
stantaneous reverse motion for screw 
cutting right and left over-head motion 
complete, set of spanners and change 
wheels, bridged gaps and bench behind 
for tools, centres S'*, length of bed 6', 
width 7^"; between centres 4' 3*, com- 
plete with back shaft, 

The Twentieth Century steel river 
forge (style No. 401), size of hearth 18*, 
fan 9*, weight 90 lbs., which can be 
had from Messrs. Burn & 0o„ Limit- 
ed, Calcutta. 

/ 
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Quantity. 

Description of work, 

No. 1. 

Vice bench, 

jj ... 

Solid bore, black staple vice, about 70 lbs. 

,] ... 

Anvil, 2 cwts. 

Blacksmith tools. 

Lathe tools. 

80 ft. 

Bright M. S. shafting complete- 

No. 2. 

Loose collars 1^". 

No. 4. 

Plummer blocks Ij*. 

,} 

Split W. I. pulleys 12" X 6" wide. 
Belting leather about 200 feet of assorted 
widths, 

No. 1. 

Grindstone, 24" X 4", with fast and loose 
pulleys and tool rest, Government 
pattern with W. I. frames, water 
cistern, taps and legs. 

Erection, 

13 ••• 

3| B.H.P. Hornsby oil-engine including 
erection, etc., complete. 

Total 


A Filter Well And A Filter Trench 
For Quick Disposal Of Spill Water At 
Fountains : Plates 179 And 180. 

In the above plates are illustrated the type de- 
signs Nos. 113*A, and 113-B, issued with proceed- 
ings of the Madras Sanitary Board No. 374-S., 
dated 19-10-1911. The specification report which 
accompanied these designs was as follows: In 
towns which possess piped water supplies and 
no proper drainage it has been found that the 
spill water from fountains forms either objec- 
tionable pools or stagnates in the road side earthen 
ditches. In these pools and ditches mosquitoes 
breed in large numbers and complaints have 
been made on this account alone. The spill water 
does not soak into the sub-soil at a sufficiently fast 
rate and it is necessary to devise means whereby 
the spiil water will be immediately conveyed under 
the surface of the ground so as to prevent stagna- 
tion in pools and the breeding of mosquitoes. 
Two type designs have therefore been drawn up. 
The first one shows a filter well and the second a 
filter trench. Filter well: It is proposed that a 
well should be constructed, close to a public 
fountain, into which the spill water would pass 
direct through a syphon trap. The well is shown 
as i feet in diameter and 8 feet ‘deep. The 
bottom portion of the steining 4 feet in height 
will be of well-brick in mud and the upper 
of the same brick in chunam mortar. The 
spill water will collect in this well and soak 
into the sub-soil Any excess water received in 
the well during the day will soak away at night. 
The well top will be covered with stone slabs and a 
syphon disconnecting trap will be provided as shown 
to prevent any objectionable smell reaching the 
fountain platform. The well will be located on a 


favourable site in porous soil, the sub-soil water 
level being usually below the level of bottom of well. 
In such places where the well cannot be construct- 
ed close to a fountain, it will be constructed on 
adjoining land as near to the fountain as circum- 
stances permit, the necessary connection being made 
by a pipe. Filter trench : The Sanitary Engineer 
has noticed at Oonjeaveram that the spill water of 
certain fountains is led to a ditch passing the roots 
of cocoanut trees. Unfortunately the soakage of 
the water in these circumstances is not sufficient to 
prevent a nasty pool forming by the road aide. 
To avoid this, a type design for a filter trench has 
been drawn up. In this type design it is proposed 
to lead tbe spill water from a fountain suitably locat- 
ed into an open jointed sub-soil pipe surrounded by 
broken stone, through which the soakage of the spill 
water into the sub-soil will be rapid. A small 
cistern at the beginning of the sub-soil pipe is 
intended for pipe cleaning purposes. As in the 
case of tbe filter well, where suitable soil does 
not exist near a fountain, the spill water should 
be led away by a stoneware or iron pipe to 
tbe nearest suitable location for the filter trench. 
The cost of “the Filter well" at Madras rates will 
be about Es. oO and of “the Filter Trench ” Rs. 20, 
The following is a further note issued by the 
Sanitary Engineer to the Government Jof Madras : 
With reference to these two designs, the following 
questions have recently been brought forward: 

(1) What should be the nature of the soil in which 
the filter wells or filter trenches shewn in the two 
designs mentioned above can be expected to give 
satisfactory results ? (2) As the average cost of one 
filter well is Rs. 50 against the average cost of 
Rs. 20 for a filter trench, what should be the guiding 
factors to determine which of these two designs 
should be preferred ? 2. In all oases, where the 
sub-soil is sand, tbe construction of any one of the 
designs will be found to give satisfactory results. 
Where the soil is garden earth or loose earth any 
one of these two designs will give tolerably good 
results as in the case of sandy soils. These designs 
are unsuitable for clay and black cotton soils or 
where the soil is disintegrated rock. The filter well 
however possesses the distinct advantage of not 
requiring to be cleared out except at long intervals 
of time. 3. The filter trench design (No. 113-B) 
should be adopted in all cases, (1) where the soil 
is sand, garden earth or loose earth, (2) when the 
winter sub-soil water level is as high as only 2 or 3 
feet below ground, and (3) where the maximum area 
required, viz., 40^ X 3^ is available. 4. Tbe filter 
well design (113-A) should be adopted (1) when 
the sub-soil at the depth of 4 to 8 feet below 
ground is sand, garden earth or loose earth, 

(2) when the winter sub-soil water level is at a 
level 8 ft. or more below ground level, (3) where- 
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the maximum circular area of feet; diameter is 
available, o. Prom the above it will be observed 
that if only the necessary soaee near the fountains 
for the filter trench is available, this design should 
nvariably be adopted in preference to the filter well 
design. 6. When prooosals for providing filter 
trenches or filter wells near fountains are submitted, 
they should invariably be aceomDanied by (l) a 
statement of nature of sub-soil and winter sub-soil 
water level conditions at sites in which they are 
proposed to be constructed, (.2) a statement or a 
general report to the effect that space at or near 
fountams is available, (3) and a statement of reasons 
for adopting filter wells (112-Aj in cases where they 
are proposed in preference to filter trenches 
(113-B). 

Abstract Of Quantities For A Filter Well For 
The Disposal Of Spill Water At Fountains : 

Plate 179. 


Abstract Of Quantities For A Filter Trench For 
The Disposal Of Spill Water At 
Fountains: Plate 180. 


Quantity, 

Description of work. 

86 c. ft. 

Earthwork, excavation. 

6 „ 

Concrete, brick jelly in chunam. 

8 „ 

Brick in chunam. 

15 sq. ft ... 

cement plastering. 

7 „ 

Ouddapah slab. 

41 r. ft 

3* snb-soil earthenware pipe. 


. Laying 3* sub-soil earthenware pipe. 

34.0. ft ... 

Broken stone filling. 

Bum. 

Wrought iron grating including fixing. 
Sundries. 

Total Bs. 


An Air ¥al¥e Pit: Plate 181. 

In the above plate is illustrated the type design 
No. 150 issued with proceedings of the Madras 


Sanitary Board, Xo. U2-S., dated 19-2-1911 
The specification report which accompanied this 
design was as loilows : To prevent obstraetion to 
the freefiaw of water in water snpply mains owing 
to the acsumulation of air at summits, air valves 
should be Ssei as shown in design. Tiie air valves 
will be connected to the rniin by means of wroughfc- 
iron tubes of diameter laid at a slope of 1 in 20 in 
the horizontal portion of their length as shown on the 
plan. The air valves shill be piseed in pits 2^ 1" 
deep, the bottom 6'' being filled with concrete, 
broken stone or broken brick in surkhi mortar. The 
side walls of the pit will be built of brick in surkhi 
mortar, 9" thick and U 3" high. A weep hole 
2" X 2" to carry away the spill water, if any, 
shall be providai and connectsd to the adjoiniDg 
filter trench,! feet long, which will be made of 3'"' 
stoneware pipes surreuaded by broken stone. The 
exposed portions of tlie pit wii! be plastered with 
cement plaster, F thick. A eutstone seat will be 
provided for the air valve as shown in the plan. 
A cast iron surface box, as illustrated in figure 22 P, 
section D, page 14 of Messrs. Glenfield and 
Kennedy’s catalogue shall ba provided. A f" 
screwdown ferrule tap together with cast-iron 
dome shall be provided oa the main, the tap aod 
the dome being as scecified in Messrs. Glenfield 
and Kennedy’s catalogue, section G, page 7, figures 
E. 56 and E 115 respectively. The air valve 
provided with f" nipple and 2i" diameter of ball, 
shafi be similar to figure H page 32, section B of 
Messrs. Glenfield and Kennedy’s catalogue. The 
cost of the work will vary from Es. 35 to 50 
according to locality. 

Abstract Of Quantities For An Air lake Fit: 
Plate 181. 


Quantity, 

Description of work, 


Supply and delivery of piping required 
for an air valve. 

5 r, ft. ... 

Galvanised wrought-iron tube, f" dia- 
meter. 

6 No, ... 

1" galvanised wrought-iron tube coupl- 
ings. 

3 No, ... 

I'' galvanised wrought-iron tube | bends. 

INo. ... 

1" screwdown ferrule tap, similar to 
figure E 56, page 7, section G of 
Messrs. Glenfield and Kennedy’s 
catalogue of 1910, with cast iron dome 
cover for ferrule taps similar to figure 
E 115 on the same page. 

INo, ... 

Air valve, screwed, similar to figure H4, 
on page 32, section B of Messrs. Glen- 
field and Kennedy’s catalogue of 1910, 
i" nipple and 2J* diameter of bail 


INo, ... 

Cast iron surface box, figure B 22 F, 
page 14, section D of Messrs. Glenfield 
and Kennedy’s catalogue of 1910. 


Quantity. 

1 

Description of work. 

i 

129 0. ft. ... 

Earthwork, excavation. 

8 „ ... 

Concrete, brick jelly in chunam. 

45 „ ... 

Brickwork in clay with well bricks, 

36 „ ... 

Brickwork in chunam with well bricks. 

43 sq. ft, ... 

1" cement plastering. 

8 „ ... 

4" Cutstone covering slab. 

No. 1 ... 

4" glazed stoneware syphon trap. 

„ 1 

4" stoneware pipe. 

Sum. 

4" oast iron short pipe. 


Fixing and jointing syphon trap and 
pipe. 

No. 1 ... 

Oast iron cover including fixing for 
syphon trap. 

Sum. 

Wrought iron grating including fixing. 
Sundries. 

Total Rs. 
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1 Quantity. 

' 

Description of work. 


Fixing air valves, etc. 

104 c. ft. ... 

Earthwork, excavation and refilling. 

3 „ 

Concrete, broken stone in surkhi mortar. 

6 „ 

Brickwork in snrkbi mortar. 

10 ft. ... 

Plastering with cement, thick, 1 : 3, 

1 No. ... 

Cutstone seat including setting. 

5 r, ft. ... 

Laying and jointing wrought-iron 

tubes with bends, coupling, etc., 
complete, including excavation and 
refilling. 

INo. ... 

Fixing ait valve to tube and making 
junction with main, fixing ferrule and 
dome cover. 

iNo. ... 

Fixing cast iron surface box. 

Broken stone filling at weep hole. 
Sundries. 

Total Rs, 


1 House Connection With I Inch Water 
Meter : Plate 182. 


In the above plate is illustrated the type design 
No. 152, issued with proceedings of the Madras 
Sanitary Board, No. 174 S. 5., dated 4-3-1914. The 
specification report which accompanied this design 
was as follows : General : The house connection 
shall consist of (l) a length of J-inoh galvanised 
wrought iron service pipe and connections complete, 
(2) a masonry chamber to locate the stop cock 
and meter and measuring 3' 6" X 3' with a 
wrought iron cover plate and (3) a f-ineh water 
meter with all accessories complete. The dis- 
positions of the pipe, stop cock, meter and pit shall 
be as shown in the design. 2. Service pipe : This 
shall be f-ineh size. The main in the street shall be 
tapped and a straight ferrule inserted and connected 
with couplings and back nuts to a suitable length of 
i-incli galvanised wrought iron pipe, on which the 
slop cock 'and meter shall be fixed, as it crosses the 
jgit. The piping shall then be continued till it 
reaches the house, crossing the road side drain on 
its way as shown in the design. 3. Meter 
pit: This shall measure 2' x 1' 6" inside and 
shall be located six inches from the outer edge 
of the roadside drain towards the centre of the road. 
The excavation for the pit shall be qne foot four 
indhe^eep. of which the first six incTBSTshalTbe 
filled in with concrete, broken brick in chunam and 
the remainder shall be built with brick in chunam, 9 
inches thick. A cutstone coping, 9 inches broad and 


4 inches deep shall be built over this brick masonry. 
A suitable slope at the outer edge and a recess all 
round the inner edge to receive a cover shall be 
formed on the top of the coping. The interior of 
the pit including floor shall be plastered with best 
Portland cement mortar (2 to 1), half an inch thick. 
There shall be a wrought iron cover plate with 
necessary locking arrangement as shown in the 
design. 4. Meter : This shall be Tylor’s patent 
f-ineh rotary water meter, or other approved type, 
and shall include strainer, unions for f-inoh 
galvanised wrought iron tubing with necessary bolts,, 
nuts,' washers, etc,, complete similar to illustration 
on page 243 of Messrs. Tylor & Son’s catalogue, 
18th edition. 


Abstract Of Quantities For A House 
Connection With f-Inch Water 
Meter : Plate 182. 


Quantity. 

Description of work. 

63o. ft. ... 

Earthwork, excavation and refilling, 

5 „ 

Concrete, broken bricks in chunam. 

5 „ 

Brickwork in chunam. 

10 sq. ft. ... 

Plastering with cement, thick, 1 : 2. 

3 0. ft. ... 

Cutstone work. 

Broken stone filling. 

^ wrought iron plate cover with chain, 


rag bolts including locking arrange- 
ment, fixing, complete. 

6" square slab under meter including 
setting. 

10 r. ft. ... 

I" wrought iron tube, galvanised. 

7 No. ... 

1" wrought iron coupling, galvanised. 

1 „ 

1" stopcock with female screwed ends as 
per fig. F 15, sec. G-, page 18 of 
Messrs. Glenfield & Kennedy’s Cata- 
logue. 

1 „ 

f rotary water meter with strainer and 
unions as on page 243 of Messrs. Tylor 
& Son’s Catalogue. 

1 » ... 

1" straight ferrule as per fig. E 14, 
sec. G, page 30 of Messrs. Glenfield Ss 
Kennedy’s Catalogue. 

1 „ ... 

Back nut including fixing. 

1 „ ... 

Fixing I" stop cook. 


Fixing 1" water meter. 

Fixing t straight ferrule including tap- 
ping, etc. _ ^ ^ . 

11 r. ft. ... 

Laying and jointing |' wrought iron 
tube including bends, etc, 

Sundries. 

Total Rs. 
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Past Progress In Madras Presidency. 

The available funds of Local Bodies in the past 
have not been sufficient to introduce simultaneously 
both water supply and drainage works. Water 
supply works are first introduced while drainage 
works are deferred until finances improve. Of course, 
the Local Bodies carry out petty improvements to 
road side drains. In the whole of the Madras 
Presidency, there are only two towns provided with 
modern sewerage systems, viz., the City of Madras 
and Ootacamund Municipality. In this connection, 
I would again quote the following further extracts 
from the paper, read by Mr. Hutton at the 1911 
‘ All India Sanitary Conference.’ " The drainage 
system in Madras consists in the division of the 
City into a number of sections each with a pump- 
ing station, to the pump well of which sullage 
gravitates through stoneware pipe sewers. The 
sullage is pumped out of the pump wells by steam 
plant in some cases and by oil engines and centri- 
fugal pumps in others and is forced through a cast 
iron rising main of a total length of 9 miles to a 
sewage farm located on the sandy area north of the 
City and adjoining the sea-shore. The most popu- 
lous section of the town is drained by open drains 
and two intercepting sewers to a pumping station 
where the sullage is pumped through an independ- 
ent rising main to the same sewage farm. The 
pipe drainage of another section of the City is now 
under construction. The soil of the sewage farm 
is almost pure sea sand, and the farm which extends 
to 150 acres has from the first been highly success- 
ful in disposing of the sullage pumped on to the 
farm. The crop grown on the farm is hariali grass 
which is made into hay and sold as fodder for the 
feeding of horses. The farm yields a revenue of 
Es. 30,000 per annum or Es. 200 per acre. This 
large yield is due to the porous nature of the soil, 
the high average temperature of the atmosphere, 
and the fertilizing nature of the sullage. The 
quantity of sullage pumped on to the farm per 
acre appears to be 30,000 gallons, and this com- 
paratively large quantity is satisfactorily disposed 
of as the sullage is comparatively weak and the 
sandy soil of the farm is capable of absorbing a 
large amount of liquid. In the future the sullage 
will become stronger in composition and it may 
then be necessary to add septic tanks to the 
system. The second drainage work carried out in 
Madras on modern lines is that at Ootacamund on 
the Nilgiri Hills. In this town a system of 6 and 


9 inch stoneware branch sewers on the separate 
system was laid down connecting up all the import- 
ant inhabited parts. Owing to the steep location 
of the town it was necessary in many cases to 
introduce drop manholes on the lines of branch 
sewers and in other cases to use cast iron pipes 
instead of the usual stoneware pipes. The following 
were the limiting gradients adopted for the stone- 
ware pipe sewers : 

Foil and half 
full velocity, 

6"' sewers. 

Minimum ... 1 in 100 2| feet per second. 

Maximum ... 1 in 40 4 „ 

9" setoers. 

Minimum ... 1 in 190 feet per second. 

Maximum ... 1 in 76 4 

The beginning of each 6 inch branch sewer was 
provided with Field’s flushing syphons of 90 gallons 
capacity and the system was ventilated with air 
inlets alternating with 4 inch ventilating shaft 
outlets, 20 feet high at every manhole not more 
than 300 feet apart. The distance between venti- 
lating shafts was therefore not more than 600 feet. 
The branch sewers discharge into an old 12 inches 
east iron main sewer laid along the margin 
of the Ootacamund lake. Owing to this loca- 
tion the main sewer was not found to be as 
satisfactory as it should have been. The gradient 
averages 1 in 903 and it is now contemplated to 
lay down a new 18 inches cast iron main sewer 
with a grade of 1 in 414. The present 12 inch main 
sewer is flushed with stream water and also with 
sewage by means of three 5,000 gallon masonry flush 
tanks which are filled from high level branch sewers, 
The public latrines have been rebuilt as water 
carriage flushing latrines and dumping pits are being 
provided as pail depots. A night soil shoot has 
been built near the septic tank and is in daily use 
with satisfactory results to the conservancy of the 
town. The sewage is disposed of by means of a 
septic tank of 24 hours’ capacity, or 2,00,000 gallons, ^ 
and a sewage farm of 14 acres. The soil of this 
farm is more or less of a heavy nature and it 
has consequently been provided with sub-soil 
drains 33 feet apart discharging into an effluent 
channel which runs along one side of the farm. 
The net revenue from the produce of the farm, 
principally grass and green oats, is nearly Es, 100 
per acre per annum and the disposal works have 
satisfactorily met the problem of turning the 
raw sewage into an inoffensive effluent. There ^ 
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are altogether in the town 1,423 house connec- 
tions most of which have been provided for the 
Indian houses at the cost of the scheme. It was 
intended that the owners of European houses, in 
proximity to the sewers, should put in house con- 
nections as soon as the system was laid down. This, 
they have not done up to date, apparently in the hope 
that Government or the Municipal Council would 
construct the connections and debit the cost to the 
estimate for the drainage works. The works were 
practically completed three or four years ago and 
ever since they were projected they have been 
subjected to a large amount of public criticism so 
that the council hesitated to become responsible for 
them. This criticism re-acted on the house owners 
themselves who found that visitors, not understand- 
ing the real situation, preferred to go to other hill 
stations. The criticisms, if not actually started, were 
certainly fostered by newspapers which rarely lost 
a chance of deriding modern drainage works as 
carried out at Ootaoamund. If there was unusually 
heavy rain of say 2 inches in the hour and the old 
main sewer surplused, this was held up as conclusive 
proof of the failure of the works. As the system 
was only intended to carry away rainfall up to 1 ^ 
inch per day which means a dilution of sewage over 
six times the dry weather flow, the old main sewer 
necessarily surplused. Gradually as minor mis- 
takes in construction were rectified, the agitation 
subsided with the result that the Municipal 
Council after three years’ experience of the work- 
ing of the drainage system have voluntarily pro- 
posed to take over and have actually taken over 
charge of the works. This change of opinion has 
been assisted by the discovery that, while other 
hill stations were suffering from unbealtbiness, the 
public health of Ootaoamund had apparently im- 
proved of late years. In this connection I should 
like to take this opportunity of quoting from the 
reported speech of His Excellency Sir Arthur 
Lawley in reply to a farewell address from the 
Ootaoamund Municipal Council presented on the 
24th October 1911 in which the drainage scheme 
was referred to : “ Now Ootaoamund resembles 
many other good things in that she is not exempt 
from criticism. And I am afraid that criticism is 
sometimes tempted in its desire for effect to dispense 
with the companionship of truth. I was reading 
the other day some essays on politics by a 
distinguished Canadian writer, and the opening 
words of one of his essays runs : It requires about 
33 years to remove a false impression from the 
public mind and about the same length of time to 
replace it by a correct one. Twice 33 is 66. Being 
of a sanguine temperament, I hope that it will be 
less than 66 years before the public mind will be 
disabused of the quite erroneous idea which has 
lately been assiduously promulgated in the Press, 


and is to me quite incomprehensible, that the 
sanitation and the drainage and the health of 
Ootacamund are in vary parlous plight. I am no 
expert in sanitary matters, but I have made it my 
business to obtain tha opinions of those who are, 
and who have carefully investigated the plans of 
Che Ootacamund drainage scheme, and the manner 
in which the designs have been carried out, and they 
are unanimous in assuring me that the scheme as a 
whole is admirably conceived and has been so far 
most efficiently carried out. Defects of detail, of 
course, there will be, as there must be in every 
scheme of this nature, but these, as they come into 
evidence, are being corrected and I am confident 
that when complete you will have a most valuable 
asset conducing to the credit of those who intro- 
duced it and the great benefit of those whom it 
serves. Various works of sanitation have been 
completed, others are in progress and others here, 
as in every other town in the world, are waiting to 
be taken in hand. Meanwhile it is satisfactory to 
know that you can say. and say with truth that 
public health is excellent,’' 

New Proposals. 

“ One most important mufassal town to be provid- 
ed with an up-to-date drainage system is Madura 
with a present population of 1,36,000. This town 
occupies a flat site principally on the right bank of 
the river Vaigai which enters the sea near the 
island of Eameswaram after a course below Madura 
of about 80 miles. A complete drainage scheme 
of pipe sewers on the separate system has been 
drawn up for this town, the estimated cost being 
21 lakhs of rupees. This scheme will, when con- 
structed, serve a population of 1,71,460 so that the 
cost per head of present population will be Es. 18 
and of future population Es. 13. Owing to the flat 
location of the town the area to be drained, 931 
acres, has been divided into six sections. Each 
section is provided with a pump well so as to provide 
sufficient gradient for the sewers. Five of the 
sections pump into the heads of main sewers 
through independent rising mains, and these main 
sewers connect with masonry conduits which finally 
discharge the sewage through a screening chamber 
into the pump well of the main pumping station. 
Each of the five smaller pumping stations are pro- 
vided with oil-engines and centrifugal pumps, but 
the main pumping station is provided with direct 
acting steam plant which will pump the whole 
sewage of the city through a 24-inoh cast iron rising 
main Smiles in length to a sewage farm of 186 
acres. The soil at the site of this farm is red earth 
to a depth of 3 or 4 feet overlying gravel. It is pro- 
posed to utilise the sewage, pumped on to the farm, 
for growing sugarcane and it is hoped to realise a 
net revenue of Es. 250 per acre which amount is 
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based on local opinion and on the Poona.experi- 
ments. The sewers are designed to carry i inch 
rainfall per day per house over an area of 1,000 
square feet in addition to the sullage based on the 
population of each house which has been taken as 
ccmposed of 6 people, and the water supply which 
is 15 gallons per head per day. In addition to this 
provision for rain water, the limiting length of a 
6-inch sewer has been made 300 feet and beyond 
this length for the 6- inch sewer, a 9-mch sewer ^has 
been substituted but to be laid with the 6-|neh 
sewer gradient. On similar principles a 12-inch 
sewer has been substituted for a 9‘ineh and a lo-inch 
for a 12-iDcb, These increased sizes of sewers are 
designed to be laid at the gradient of the next 
smaller size. The object of this proposal is to have 
increased provision for carrving off heavy rain 
which may fall within a short time. The result of 
increasing the size of sewers as mentioned above 
means a slight lowering of the velocity of the sew- 
age, but this diminution is considered so small 
as not to practically affect the self-cleansing velo- 
cities in the sewers when half full. The following 
are the gradients adopted in the scheme : 


Size. 

Minimum. 

Sewage velo- 
oity when 

pipe is 4 lull 
or full per 
second , 

a 

0 

§ 

es 

Sewage velo- 
city when 

pipe is ^ full 
or full per 
seoond. 

4 iuobea ... 

1 in 52. 

^ feet. 

|1 in 21. 

4 feet. 

6 „ ... 

1 in 100. 

Do. 

1 in 40. : 

Do. 

9 „ ... 

1 in 190. 

.Do, 

lin 76. 

Do. 

12 „ ... 

1 in 295 

y Do. 

1 in 120, 

Do. 

16 „ ... 

1 in 415 

Do. 

1 in 165. 

Do. 


The velocities have been calculated from Kutfcer’s 
formula with a co-efficient of '013. If other formulae 
are used, the velocities in the smaller sizes will be 
increased by 25 per cent. At least the minimum 
gradients are provided in the scheme except in the 
cases of some short lengths of unimportant sewers 
where it was found impossible to carry out rigidly 
the rules for gradients stated above. Such exceptions 
will occur in every practical scheme of drainage and 
if efficient flushing is provided the unimportant 
exceptions can be accepted. The greatest depths of 
sewers generally, except when a short length of ridge 
has to be passed through, has been fixed at 13 feet, 
that being the lowest sub-soil summer water level in 
the sandy sub-soil of the city. The main section of 
the system will be ventilated by air inlets at the head 
of branch sewers, the only outlet being an extracting 
fan at the main pumping station where the foul 
air will be purified in a coke tower. The other five 
independent sections will be ventilated by air inlets 
and ventilating shafts as in the Ootaoamund soheme. 


Masonry flush tanks of 500 gallons capacity and 
in some cases, Field’s automatic flush tanks, are 
provided in the scheme at the heads of all branch 
sewers and wherever possible these tanks are filled 
with spill water from public fcnntains. Where 
piped water is not expected to be available, 4 feet 
wells provided with semi- rotary pump are proposed 
to be sunk in the sandy sub-soil of the streets so as 
to provide the necessary water for flushing purposes. 
The latrines of the town will be converted info 
flushing latrines and the 20 dumping pits or 
pail depots proposed will improve the existing con- 
servancy arrangements. The main pumping station 
is designed to be capable of pumping three times the 
dry weather flow to the sewage farm, the remainder 
of the rain water and suliage being surpiused from 
the main conduit into an irrigation cbannel which 
will lead away the surplus suliage to paddy fields. 
The estimated annual pumping charges up to 1,927 
are estimated at Es. 49,630, out of which amount 
Es. 37,500 is expected to be recouped by net income 
from the growing of sugarcane on the sewage farm, 
so that the net working cost of the scheme is esti- 
mated at Es. 12,130. The scheme as described is 
now under construction. A scheme for the drain- 
age of the town of Vellore, population 40,000, has 
' been drawn up and is also under construction. This 
scheme provides for open oval shaped masonry 
drains, on each side of streets and conservancy lanes, 
These drains have been designed to be capable of 
discharging i an inch of rainfall per hour over the 
area draining into them. The drains provided are 
intended to be constructed with a concrete floor and 
side walls of brick in lime mortar with cutstone 
copings. The inside of the drains will be plastered 
with Portland cement to an oval shape. It is found 
cheaper in the end to use Portland cement for this 
plastering rather than use ordinary or kankar lime 
mortar the lasting properties of the latter not being 
good when used in suliage drains. The scheme 
further provides for pumping the suliage up to three 
times the dry weather flow on to an underdrained 
sewage farm of 44 acres on which it is proposed to 
grow crops of sugarcane. The estimated cost of the 
scheme is Es, 3,67,764 which is at the rate of Es. 9 
per head of present population. Drainage schemes 
for the towns of Triohinopoly, population 1,20,000 
and Negapatam, population 58,000, Nellore, popu- 
lation 33.000 and Ellore, population 38,000 are at 
present being drawn up, and are expected to be 
under execution shortly. In addition to these 
towns drainage schemes for six other towns have 
been investigated and plans and estimates will be 
drawn up shortly. Many of these schemes are 
principally for financial reasons, on the open drainage 
combfned system. The cost of drainage works in 
Madras can be approximately stated to be as 
follows in terms of present population, 
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Per head. 

Es. 

Pipe sewerage scbeuies iavolviDg seofcional 
pumping by oil and steam plant with 
cast iron rising mains, septic tanks and 
sewage farm ... ... ••• 18 

Open drainage schemes with intercepting 
pipe sewers, oil or steam plant, cast iron 
rising mains, septic tanks and a sewage 
farm ... ... 9 

Open drainage schemes without pumping 
and discharge of crude sewage into the 
sea or tidal river ... ... 6 

In many towns small sewage farms for disposal 
of sullage from local areas have been laid out. The 
largest sewage farm in use in the whole Presidency 
is that belonging to the City of Madras. At this 
farm no septic tanks are in use or required at present 
although their construction will probably be found 
necessary in the future. The soil at this farm being 
sea sand it forms an ideal means for sewage disposal. 
At Ootacamund where there is a septic tank the 
sewage farm in use is composed of heavy soil which 
requires to be underdrainad. In such cases where 
light and open soil is absent excellent results from 
the growing of grass for fodder may be achieved by 
top dressing the site of a farm with one or two feet 
of street rubbish so as to form a porous soil in 


which roots may spread easily and not be stunted 
in growth as in the case of grass grown on heavy 
or loamy soil. In this connection it may be remark- 
ed that in the case of certain sewage farms in 
Madras City, now abandoned, as they were 
located too near dwellings, the growth of grass was 
phenomenal. These farms were located on sites 
which were in former times swamps or low ground 
but subsequently reclaimed by the dumping of 
street rubbish which was carted to the sites in con- 
servancy carts. Our experieoce in Madras is in 
favour of sewage disposal by the use of septic tanks 
and a sewage farm. The septic tank should be 
designed in such a way that sludge may be perio- 
dically removed on opening a valve thus causing the 
minimum of interference with the working of the 
tanks. What appears to he a cheap and suitable 
form of septic tank is a tank of triangular wedge 
section constructed with apex downwards, a slotted 
pine being placed at the point of the wedge so as to 
receive the sludge which will be momentarily depo- 
sited. This sludge can be removed by the opening 
of a valve placed on the pipe the requisite discharge 
head being provided by the liquid in the tank. 
Tanks of this type can be cheaply constructed as a 
simple excavation, the sides to be puddled with clay 
and pitched with stone. They may be left either 
open, or closed by a light corrugated iron roof.” 



DBAINAGE: DESCEIPTIOB AED COMPARISON OF THE VAEIOCS 
SYSTEMS: GENERAL PRINCIPLES GOVERNING THEIR DESIGN : 
VARIOUS METHODS OF HOUSE AND STREET DRAINAGE: DATA 
FOR PRELIMINARY PROPOSALS : KNOWLEDGE OF METHODS FOR 
THE ROUGH DETERMINATION OF AN OPEN DRAIN, CHANNEL, 
CLOSED PIPE AND SEWER. 


Yanous Systems. 

‘ Conservancy ’ and ‘ Water Carriage’ systems 
are the two systems, by which the removal of the 
sewage of towns consisting of excreta, liquid 
household sullage, and trade waste is carried out. 
The water carriage method is again sub-divided 
under two heads, the ‘ combined ' system and the 
‘ separate system.’ All sewage matter, rain water 
from roofs, roads, yards, etc., are conveyed by one 
set of sewers in the combined system. In the 
separate system, two sets of sewers are laid, one 
to convey foul matters and liquid and another set 
of sewers of large sizes to cmvey storm water 
direct to soma nearest channels or water courses. 
For practical purposes, the systems of drainage 
may be classed as follows: 1. Open drainage., 
2. Open drainage and closed intercepting sewers 
combined. 3. Closed sewerage scheme.^ In the 
cise of open drainage schemes, the works usually 
comprise the construction of masonry oval shaped , 
drains of sections shown in plates 1 94 and 195 of 
sizes capable of carrying half inch rainfall per hour 
with suitable available gradients and disposal 
works. In the case of the combined system of 
open drains and closed intercepting sewers, the 
works comprise the construction of oval masonry 
drains in streets with intercepting sewers of sizes to 
carry the sewage only and disposal works. In 
closed sewerage schemes, the works comprise the 
laying of sewers in streets with intercepting sewers 
and disposal works, 

Necessity Fou Immediate And Complete 
Removal Of House Drainage. 

There is, no doubt, that ignorance still prevails 
even among the educated public regarding the abso- 
lute necessity for the immediate and thorough remo- 
val of all fluid refuse from houses. It is therefore not 
surprising that the uneducated masses do not trouble 
themselves with the question of house drainage. It 
is essentially the first duty of a Sanitary Inspector 
to educate the masses in the importance of proper 
methods for the removal from houses of all liquid 
refuse immediately and thoroughly. The first consi- 
deration as regards the methods for sewage removal 
is that sewage is conveyed away from houses 


immediately and thoroughly. Sewage, when fresh, is 
comparatively harmless. II provision is not made 
for its immediate and thorough removal, nuisances 
arise by decomposition or putrefaction that is by 
change brought about by the splitting up of dead 
organic matter into its simpler elements as minute 
living germs or bacteria, ever present in sewage and 
air, which multiply with enormous rapidity, attack 
all dead organic matter untii complete dissolution 
of the material is accomplished. This process is 
termed fermentation. During the time when putre- 
faction is taking place, foul gases and discharge of 
foetid organic matter contaminating the atmos- 
phere and taxing to a great extent the purifying 
effect of the atmospheric oxygen seriously affecting 
the health of the inhabitants, result. As such 
nuisance -favours the extension of infectious 
diseases, it is essential that all sewage should be 
disposed of promptly and thoroughly and any 
method of sewage removal should comply with 
these first essentials. 

Open Drainage. 

This system, as already explained, consists of the 
constrnction of oval masonry street drains, dis- 
charging the sewage either through open masonry 
intercepting drains or through closed intercepting 
drains at site of outfall works. This system can 
be considered as only a palliative one if the more 
up to date closed sewerage system cannot be afford-., 
ed by a Local Body with available funds at present 
or in the future within a reasonable time. Thera 
is no doubt that considerable improvement in 
the sanitation of a place can be forecast by the 
introduction of an open drainage system avoiding 
as far as possible the usual stagnation of sullage 
near houses, as at present. It must however be 
admitted that a closed sewerage system is not only 
a more efficient system but also possesses the 
advantage that the sewage is conveyed in a manner 
out of sight of individuals and also avoids the 
breeding of flies and mosquitoes and pollution of 
the atmosphere. 

Form Of Section Of Street Drains. 

Many forms have been proposed and adopted 
but when it is considered that the drains have to 
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carry a& one time sewage, and at another ^he 
sewage mixed with large quantities of storm water, 
it is eyidant that the section should be oval to 
permit of varying discharges. It is unnecessary to 
discuss here the different forms of sections. It will 
suffice, if it is stated that the section of drain which 
has given satisfactory results in actual practice 
is the new egg-shaped form shown in plates 194 
and 195. In this section, the radius of bottom of 
invert is i the depth of the drain and the radius of 
the side above the invert is Ij the depth. 

Sizes Of Open Drains. 

The open drains constructed in streets should be 
designed of sizes capable of carrying the storm 
water from their drainage areas at the rate of 
half inch per hour. The sewage of the population 
is a small fraction of this provision and need not 
therefore be taken into consideration in determining 
the sizes of open drains. The carrying capacities 
of open drains calculated by Kutter’s formula 


are given in the following table. 


Size of 
open 
drain in 
inches. 

1 

Fall — 
over 

Velocity 
in feet per 
second. 

Discharge 
in gallons 
per 

minute. 

Area in square 
feet that can 
be drained 
allowing for J 
inch rain per 
hour. 

6 

25 

4*93 

334 

77,157 

6 

50 

3'48 

236 

54,477 

6 

75 

2'84 

192 

44,451 

6 

100 

2-46 

166 

38,484 

6 

150 

2'00 

136 

31.383 

6 

200 

1*73 

117 

27,144 

6 

250 

1*55 

105 

24,255 

6 

300 

1*41 

95 

22.104 

6 

350 

1*30 

88 

20,448 

6 

400 

1*22 

82 

19,107 

6 

450 

1*15 

77 

17,991 

6 

600 

1*09 

73 

17,064 

6 

650 

1*03 

70 

16,227 

6 

600 

0*99 1 

67 

15,570 

6 

650 

0'P5 

64 

14,904 

6 

700 

0*91 

62 

14,337 

6 

750 

0*88 

59 

13,842 

6 

800 

0'85 

57 

13,383 

6 

850 ^ 

0’82 

56 

12,960 

. 6 ^ 

900 

0*80 

64 

12,582 

6 

950 i 

0*78 

53 

12,240 

6 

1,000 

0*76 

51 

11,907 

6 

1,050 

0*74 

50 

11,601 

6 

1,100 

0’72 

49 

11,331 

6 

1,150 1 

0-70 

47 

11,061 

6 

1,200 i 

0-69 

46 

10,818 

6 

1,250 ! 

0*67 

46 

10,593 

6 

1.350 

0*65 

44 

10,170 

6 

1,400 

0’63 

43 

9,981 








Size of 
open 
drain in 
inches. 

1 

Fall 

over 

Velocity 
in feel 
per second. 

Discharge 
in gallons 
per 

minute. 

Area in square 
feet that can 
be drained 
allowing for | 
inch rain per 
hour. 

6 

1.450 

0 62 

42 

9,80i 

6 

1,500 

0-61 

41 

9,612 

6 

1,550 

0'60 

40 

9,459 

6 

1,600 

069 

40 

9,306 

6 

1,650 

0'68 

39 

9,144 

9 

25 

6'79 

1,032 

2,38,149 

9 

50 

4*79 

728 

1.68,219 

9 

75 

3'91 

594 

1,37,286 

9 

100 

3 38 

515 

1,18,881 

9 

150 

2'76 

420 

96.939 

9 

200 

2*39 

363 

83,808 

9 

250 

2*13 

324 

74,907 

9 

300 

1-94 

296 

68,337 

9 

350 

rso 

274 

63,243 

9 

400 

1*68 

256 

59,094 

9 

450 

1*58 

241 

55,638 

9 

500 

rso 

228 

52,704 

9 

550 

1*43 

217 

50,193 

9 

600 

1*36 

207 

47,952 

9 

660 

1*31 

199 

46,134 

9 

700 

1*26 

192 

44,325 

9 

750 

1*22 

185 

42,849 

9 

800 

1*18 

179 

41,472 

9 

850 

1*14 

174 

40,176 

9 

900 

ni 

168 

88,961 

9 

950 

1*08 

164 

37,926 

9 

1,000 

1*05 

159 

36,891 

9 

1,050 

ro2 

155 

35,937 

9 1 

1,100 

TOO 

162 

35.073 

9 

1,150 

0*97 

148 

34,299 

9 

1,200 

0*95 

146 

33,5*25 

9 

1,250 

0*93 

142 

32,832 

9 

1,300 

0*91 

139 

32.220 

9 

1,350 

0*90 

137 

31,617 

9 

1,400 

0*88 

134 

30,924 

9 

1,450 

0 86 

131 

30.411 

9 

1,600 

0*85 

129 

29,808 

9 

1,550 

0*83 

126 

29,286 

9 

1,600 

.0'82 

125 

28,854 

9 

1,650 

0*80 

122 

28,341 

9 

1,700 

0*79 

120 

27,909 

12 

25 

8*46 

2,287 

5,27,814 

12 

60 

6*97 

1,615 

3.72,816 

12 

75 

4*87 

1,318 

3,01,245 

12 

100 

4*22 

1,141 

2,63,340 

12 

160 

3*44 

930 

2,14,785 

12 

200 

2*98 

805 

1.85,931 

12 

250 

2*66 

719 

1,66,140 

12 

800 

2*42 

656 

1.51,842 

12 

350 

2*25 

609 

1,40,742 

12 

400 

2*10 

567 

1,30,977 

12 

450 

1*97 

535 

1,23,462 

12 

500 

1*87 

506 

1,16,982 

12 

550 

1*78 

482 

1,11,366 

12 

600 

r70 

461 

1,06,524 

12 

650 

‘1*63 

442 

1,02,204 

12 

700 

r67 

426 

98.496 

12 

750 

1*52 

411 

95,040 

12 

800 

1*47 

398 

91,926 

12 

850 

1*42 

386 

89,163 

12 

900 

. 1*38 

- 375 

86,571 

12 

950 

1*34 

364 

84,160 

12 

1,000 

1*31 

355 

81,990 
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Size of 
open 
drain in 
inches. 

1 

1^11 

o?er. 

Velocity 
n feet per 
second. 

i Area in square 
Discharge j feet that can | 
in gallons i be drained 
pet ; allowing for 

minute. 1 inch ram per ■ 
hour. 

12 

1,050 

1*28 

345 

79,830 ' 

12 

l.iOO 

1 25 

338 1 

78,012 

12 

1,150 

1'22 

330 

76,203 

12 

1,200 

1-19 

322 

74.475 i 

12 

1,250 

1*16 

315 

72,918 ^ 

12 

1,300 

1*14 

309 

71,451 ; 

12 

1,350 

1*12 

304 

70,155 j 

12 

1,400 

1-10 

298 

68,778 j 

12 

1,460 

1*08 

292 

67,563 ; 

12 

1,500 

1*06 

287 

66,348 j 

12 

1,550 

1*04 

282 

65,232 : 

12 

1,600 

102 

277 

64,107 i 

12 

1,650 

roi 

272 

62,98*2 i 

12 

1,700 

0 99 

269 

62,208 i 

15 

25 

10*02 

4,236 

9.77,702 1 

15 

50 

7*07 

2,992 

6.90,507 i 

16 

75 

5*77 

2,441 

5,63,499 : 

15 

100 

5 00 

2,114 

4,87,899 ' 

15 

150 

4*08 

1,724 

3,98,044 1 

15 

200 

3*53 

1,492 

3,44,391 1 

15 

260 

315 

1,333 

3.07,841 

15 

300 

2-87 

1,216 

2,80.800 

15 

350 

2 66 

1,125 

2,59.804 

15 

400 

2*49 

1,052 

2,42.870 

15 

450 

2*34 

991 

2,28,787 

15 

500 

2*22 

939 

2.16,863 

15 

550 

2*il 

896 

2,06,582 

15 

600 

2*02 

855 

1.97,511 

15 

650 

1*94 

822 

1,89,734 

15 

700 

1-87 

791 

1.82,564 

15 

760 

1*80 

764 

1,76.342 

15 

800 

1*74 

739 

3,70,552 

16 

850 

1*69 

716 

1,65,369 

15 

900 

1*64 

699 

1,60,615 

15 

950 

1*60 

676 

1,56,210 

15 

1,000 

1*55 

658 

1,52,063 

15 

1,050 

1 52 

642 

1,48,26*2 

15 

1,100 

1*48 

627 

1,44,720 

15 

1,150 

1*45 

612 

1,41,436 

15 

1,200 

1*41 

599 

1,38,411 

15 

1,250 

1.38 

587 

1,36,475 

15 

1,300 

1*36 

676 

1,32,710 

15 

1,360 

1*33 

664 

1,30.205 

, 15 

1,400 

1*31 

553 

1,27,784 

15 

1,450 

1*28 

543 

1,25,460 

16 

1,500 

1*26 

633 

1,23,120 

15 

1,550 

1’24 

524 

1,21.045 

15 

1,600 

1*22 

515 

1.19,058 

16 

1,650 

1*20 

507 

1,17,157 

15 

1,700 

1*18 

499 

1,15,343 

18 

25 

11*48 

6,989 

16,12,915 

18 

50 

8 11 

4,936 

11,39.270 

18 

75 

6*62 

4,029 

9,29,836 

18 

100 

5*73 

3,488 

8,04,988 

18 

150 

4*67 

2,848 

6,56,898 

18 

200 

4 04 

2,437 

5.62,412 

18 

250 

3*61 

2,201 

5,08,03*2 

18 

300 

3*30 

2,008 

4,63,534 

18 

350 

3 05 

1,858 

4,28,880 

18 

400 

2*85 

1,736 

4,00,809 

18 

450 

2*69 

1,636 

3,77.654 

18 

500 

2*55 

1,551 

3.68,126 

18 

550 

2*42 

1,477 

3,41,019 


Size of 
open ' 
jrain in j 
inches. ; 

Pall 

over. 

Velocity 
in feet 
er second. 

J 

Discharge ! 

0 gallons ' 
per 

minute. : 

krea in suqwe - 
:eefc that can i 
be drained : 
allowing for J ^ 
inch rain per 
hour. ' 

18 i 

600 

2*33 

1,4 1 3 

3,26.160 

18 i 

650 i 

2*23 

1,357 ; 

3,13,‘iOO j 

18 j 

7C0 ! 

2*14 

1,307 , 

3,01,707 i 

18 1 

750 i 

2-07 ' 

1,261 : 

2,91,168 i 

18 i 

800 

2*00 ! 

1,2*20 ’ 

2,81,751 : 

18 

350 i 

1'94 

1,183 : 

2,73.196 ! 

18 : 

900 1 

1*89 

1,149 ! 

2,65,334 ; 

18 : 

950 S 

1*33 

1,118 i 

2,58.076 

18 ! 

1,000 : 

1*78 ! 

1,088 i 

2,51,165 ’ 

18 i 

1,050 

1*74 ; 

1,061 . 

2,44,943 i 

18 i 

1,100 i 

1*70 ' 

1,036 : 

2,39.*240 ; 

18 

1,160 i 

1*63 i 

1,013 

2,33,884 j 

18 ^ 

1,200 i 

1*62 i 

991 , 

2.28.701 i 

18 ! 

1,'250 i 

1*59 

970 

2.23.948 1 

18 ■ 

1,300 : 

1*56 

950 

2,19.455 i 

18 

1,350 1 

1*53 

932 

2,15,922 i 

18 

1,400 i 

1*50 

915 ' 

•2,11,334 i 

18 ' 

1,150 i 

1*47 1 

893 . 

2,07.445 1 

18 ! 

1,500 i 

1*45 i 

882 ! 

2,03,645 ! 

IS ; 

1,550 1 

r4*i i 

867 ; 

2,00,188 

18 i 

1,600 i 

1*40 ! 

853 1 

1,96,991 

18 i 

1,650 

1*38 

839 

1,93,708 

18 i 

1,700 

1'35 

826 

1.90,770 

21 

25 

12*87 ; 

10,661 

24,60,413 

21 1 

50 

9 09 ! 

7,531 

17.38,022 

21 i 

75 

7 42 

6,147 

14,18,601 

21 

300 

6*42 

5,322 

12,23.262 

21 

160 

5*24 

4.342 t 

10,0*2,152 

2L 

200 

4*53 1 

3.75S 

8,67,284 

21 

250 

4 05 j 

3.359 

7,75,352 

2L 

300 

3*70 1 

3,064 

7,07,271 

21 

350 

3*42 i 

2,836 

6,54,565 

21 

400 

3 20 

2,661 

6,11.797 

21 

450 

3*01 

2,493 

5,76,647 

21 

500 

2*86 

2,368 

5,46,565 

21 

550 

2*7*2 

2.255 

5,20,387 

21 

600 

2*60 

2,158 

4.98,009 

21 

650 

. 2*50 

2.071 

4,78,138 

21 

700 

2*41 

1,995 

4,60.512 

21 

750 

2*32 

1,926 

4,44,528 

21 

800 

2*25 

1,864 

4,30,367 

21 ^ 

850 

2*18 

1,807 

4,17,224 

21 

900 

2*12 

1,755 

4,05,129 

21 

960 

2*06 

1.708 

3,94,241 

21 

1,000 

2 00 

1,662 

3,83,702 

21 

1,050 

1*95 

1,621 

3,74.197 

21 

1,100 

i r9i 

1,683 

3,65.384 

21 

1,150 

1*86 

1,547 

3.57,177 

21 

1,200 

1*82 

1,514 

3,49,486 

21 

1,250 

1*79 

1,482 

3,42,058 

21 

1,300 

1*75 

1,453 

3,35,405 

21 

1,350 

1*72 

1,425 

3,28,925 

21 

1,400 

1*68 

1,398 

3,22.788 

21 

1,450 

1*65 

1,373 

3.17,001 

21 

1,600 

1*62 

1,348 

3’i1.126 

21 

1,550 

160 

1,325 

3,05,942 

21 

1,600 

1*57 

1,304 

3,0l,0i5 

21 

1,650 

1*56 

1,283 

2,96,178 

21 

1,700 

1*52 

1,263 

2,91,600 

24 

25 

14*18 

15,341 

36,40,4i3 

24 

60 

10*02 

10,837 

25,01,019 

24 

75 

8*17 

8,846 

20.41,544 

24 

100 

7*08 

7,659 

' 

17,67.485 
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S*Z3 of 
open 
drain in 
inches, 

Pall — 
over. 

Velocity 
in feet 
per second. 

Disch'irge 
in gallons 
per 

minute. 

Area in square 
feet that can 
be drained 
aliuwiigfor ^ 
inch ram per 
hour. 

M 

150 

5‘77 

6,250 

14,42,446 

U 

200 

5 00 

5,409 

12,48,307 

U 

250 

4-47 

4,836 

11,15,942 

24 

300 

407 

4,411 

10,18,138 

24 

350 

3’77 

4,082 

9,42,018 

24 

400 

3'52 

3,817 

8,80,846 

24 

450 

332 

3,596 

8,29,957 

24 

500 

3'15 

3,410 

7.87,017 

24 

550 

3-00 

3.217 

7.49.347 

24 

600 

2’87 

3,109 

7,17.378 

24 

650 

2 75 

2,983 

6,89,606 

24 

700 

265 

2,873 

6 63.205 

24 

750 

2*56 

2,774 

6,40,223 

24 

800 

2*48 

2,685 

6,19,747 

24 

850 

2*40 

2,603 

6,00.824 

24 

900 

2*33 

2,528 

5, *83, 544 

24 

950 

2*27 

2.459 

5,67.561 

24 

1.000 

2'21 

2,394 

5,52,614 

24 

1,050 

2*16 

2,336 

5,39,134 1 

24 

1,100 

2*13 

2,280 

5,26,348 1 

24 

1,150 

2‘06 

2,230 

. 5,14,685 ! 

24 

1,200 

201 

2,181 

5,03.453 

24 

1,250 

1*97 

2,135 

4 92,911 

24 

1,300 

1*93 

2,094 

4,83.235 

24 

1,350 

1*89 . 

2,053 

4,73,988 

24 

1,400 

1*86 

2,016 

4,65,263 

24 

1,460 

1*83 

1,979 

4,56,796 

24 

1,500 

1*79 

1,943 

4,49,502 

24 

1,550 

1*76 

1,912 

4,41,245 

24 

1,600 

173 

1,879 

4,33,814 

24 

1,650 

1*71 

1,850 

4,27,076 

24 

1,700 

168 

1,828 

4,20,593 


The sectional areas and hydrauiic mean depths of 
the different sizes of open drains shown in plates 
194: and 195 are shown in the following table : 


Size of drain. 

Sectional area, 

Hydraulic mean 
depth. 

Inches. 

sq. ft. 

feet, 

6 

‘1806 

*1537 

9 

•4063 

•2306 

12 

•7223 

*3074 

15 

1*1287 

•3843 

18 

1*6253 

•4611 

21 

22122 

*5380 

24 

2*8894 

*6148 

27 

3*6568 

*6917 

30 

4*5146 

•7686 


The quantities of work of different sizes of open 
drain as shown in plate 194 for a length of 100 feat 
in each case, are as follows : 6 inch open drain : 
266 cub. ft. Earthwork ; 106 cub. It. Concrete, brick 
jelly in mortar; 76 cub. ft. Brick in mortar; 
60 cub. ft. Brick on edge; 129 sq. ft. Plastering 


with cement, f inch thick ; 150 sq. ft. Pointing 
with cement. 9 inch open drain ; 356 cub. ft. Earth- 
work; 119 cub. ft. Concrete, brick jelly in mortar; 
131 cub. fc. Brick in mortar; 58 cub. ft. Brick on 
edge; 187 sq. fr,. Plastering with cement, f inch 
thick ; 150 sq. ft. Pointing with cement. 12 inch 
open drain : 459 cub. fr-. Earthwork; 131 cub. ft. 
Concrete, brick jelly in mortar ; 193 cub. ft. Brick 
in mortar ; 57 cub. ft. Brick on edge ; 246 sq. ft. 
Plastering with cement, | inch thick; 150 sq. ft. 
Pointing with cement. 15 inch open drain : 575 
cub. ft. Earthwork; 144 cub. ft. Concrete, brick 
jelly in mortar ; 263 cub. ft. Brick in mortar; 57 
cub. ft. Brick on edge ; 304 sq. ft. Plastering with 
cement, i inch thick; 150 sq. ft. Pointing with 
cement. 18 inch open drain : 703 cub. ft. Earth- 
work ; 166 cub. ft. Concrete, brick jelly in mortar ; 
333 cub, ft. Brick in mortar ; 57 cub. ft. Brick on 
edge ; 333 sq. ft. Plastering with cement, f inch 
thick ; 150 sq. b. Pointing wich cement. 21 inch 
open drain : 844 cub. ft, Earthwork ; 169 cub. ft. 
Concrete, brick jelly in mortar ; 413 cub. ft. Brick 
in mortar; 57 cub. ft. Brick on edge ; 441 sq, ft. 
Plastering with cement, f inch thick ; 150 sq. ft. 
Pointing with cement. 24 inch open drain : 997 
cub. ft. Earthwork ; 181 cub. ft, Concrete, brick jelly 
in mortar ; 496 cub. ft. Brick in mortar ; 57 cub. 
ft. Brick on edge; 504 sq. ft. Plastering with 
cement, I inch thick; 150 sq. ft. Pointing with 
cement. 

RemoYable Drain Coverings (Onsuited For 
Wheeled TrafiBc): Plate 210. 

In the above plate is illustrated the type design 
No. 102 issued with proceedings of the Madras 
Sanitary Board No. 151-S., dated 30-4*1907. The 
specification report which accompanied this design 
was as follows : Two designs have been prepared; 
one shows a Ouddapah slab drain covering and the 
other an iron grid. It is proposed that the Oudda- 
pah slab covering should be used as an entrance 
to dwelling houses and the iron grid covering 
as a continuation if required or in front of 
shops. In the latter position the length of 
Ouddapah slab covering would be so great as to be 
objectionable. Accordingly in front of shops only 
iron grids will be used and in no case should a 
Ouddapah slab covering be allowed for a longer 
continuous length than 4 feet. Ouddapah slab 
covering : On both sides of the top of a drain at the 
place where it is -proposed to permit a covering being 
laid down a cntstone will be fixed 9" x4"X4' long. 
The object of the cutstone is to prevent damage to 
the masonry of the drain each time the covering is 
removed. On the top of these cutstones will be 
laid a Ouddapah slab, 2 inches thick, to form the 
drain covering. Care will have to be taken to see 
that the slab lies firmly on the cutstone supports 
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which shonld he evenly dressed on their top surface. 
Grid covering : Similar entstones to that required 
for the slab covering will be required in this case 
also. These eutstones will have cut on their top 
surfaces, grooves 2 feet apart to form bearings for 
an iron grid. The grooves must be of sufficient 
depth so that the flab bar forming the cheek of the 
grid is flush with the top of the cutstone. This grid 
will be made of | inch iron bars riveted to 1J"X J" 
cheeks. The grid will be made up in 2 feet lengths 
for convenience in handling and for strength. The 
following is a statement of cost at Madras rates of 
the two kinds of covering taking each covering as 


4 feet in length : 

Guddapah slabs. 

Iron grid. 


RS. A. P. 

RS. A. P. 

6" drain 

... 5 1 6 

6 1 0 

9" n 

... 5 4 0 

6 13 0 

12" „ 

... 5 6 6 

7 7 6 

15"' „ 

... 5 9 0 

8 4 0 

18" „ 

... 5 11 6 

8 12 0 

21" 

... 5 14 0 

9 10 0 

24" „ 

... 6 1 0 

10 3 0 


Abstract Of Quantities For RemoYable Drain 
Coyerings (Unsuited For Wheeled 
Traffic) : Plate 210. 


Quantity. 

Description of work. 


Guddapah slab removable drain covering 
4' long for a. S'* open drain, 

2 0. ft. ... 
6 sq.ft. ... 

Granite stone. 

Slab stone over drain. 

Contingencies. 

Total Eb. 


Guddapah slab removable drain covering 
4^ long for a 9" open drain. 

2 0. ft. 

7 sq. ft. 

Granite stone* 

Slab stone over drain. 

Oontingenoies. 

Total Rs. ... 


Guddapah slab removable drain coveting 
long for a 12'" open drain. 

2 0. ft. 

8 sq. ft. 

Granite stone. 

Slab stone over drain. 

Contingencies. 

Total Rs. ... 


Guddapah slab removable drain covering 
4’ long for a 16" open drain. 

2 0. ft. 

9 sq, ft. 

Granite stone. 

Blab stone over drain, 

Contingencies. 

Total Rs. 


Quantity, 

Description of work. 1 


Cnddapah slab removable drain covering | 
4^ long for a IS" open drain. | 

2 c. ft 

10 sq.ft. 

' 

1 i 

Granite stone. j 

Slab stone over drain, i 

Oonti agencies. i 

Total Rs. ... ! 

i 1 

i S 

Guddapah slab removable drain covering 1 
4' long for a 21" open drain. | 

i 2 c. ft. ...j 

I 11 sq. ft, ...I 

i 

Granite stone. 

Slab stone over drain. 

Contingencies, 

Total Rs. ... 

i 

1 1 

Guddapah slab removable drain covering 
4' long for a 24" open drain. 

2 c. ft. ...1 

12 sq. ft. 

Granite stone. 

Slab stone over drain. 

Contingencies. 

Total Es. ... 


Removable iron frame covering, 2' I erg 
for a 6" open drain. 

1 0. ft. 

7| lb. 

Granite stone. 

Iron work, round and flat bar iron. 

Iron work, labour charge. 

Contingencies. 

Total for iron frame covering, 2' long, 
Total for iron frame covering, 4' long. 


Removable iron frame covering 2' long 
for a 9" open drain. 

1 c. ft.‘ 

10|lb. 

Granite stone, 

Iron work, round and flat bar iron. 

Iron work, labour charge. 

Contingencies. 

Total for iron frame covering, 2" long. 
Total for iron frame covering, 4' long. 


Removable iron frame covering, 2’ long, 
for a 12" open drain. 

1 c. ft, 

13 lb. 

Granite stone. 

Iron work, round and flat bar iron, 

Iron work, labour charge. 

Contingencies. 

Total for iron frame covering, 2’ long. 
Total for iron frame covering, 4' long, 


Removable iron frame covering, 2' 
long, for a IS" open drain. 

1 0. ft. 

16 Ib. 

Do. 

Granite stone. 

Iron work, round and flat bar iron. 

Do. labour charge. 

Contingencies. 

Total for iron frame covering, 2" long. 
Total for iron frame covering, 4* long, 


Removable iron frame covering, 2" 
long, for a 18" open drain. 

lo.fi 

18 lb. 

. Granite stone, 

. Iron work, round and fiat bar iron. 
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Qaactity. 

Deeoriptioa of work. 

18 Ib. 

Iron work, labour charge. 

OontingenoieB. 

Total for iron frame covering, 2’ long. 
Total for iron frame covering, 4’ long. 


Eemovable iron frame covering, 2' 
long, for a 21" open drain. 

1 0. {fc. 

21|Ib. 

Do. 

Granite stone. 

Iron work, round and flat iron bar. 

Do, labour charge, 

Contingencies. 

Total for iron frame covering, 2' long. 
Total for iron frame covering, long. 


Removable iron frame covering, 2' . 

long, lor a 24" open drain. 

1 c. ft. 

23J lb. 

Granite stone. 

Iron work, round and flat bar iron. 

Do, labour charge. 

Contingencies. 

Total for iron frame covering, 2' long. 
Total for iron frame covering, 4' long. 


RemoYable Drain CoYerin^s Suitable For 
Wheeled Traffic: Plate 211. 

In the above plate is illustrated the type design 
No. 104 issued with proceedings of tbe Madras 
Sanitary Board No. 113- S., dated 5-3-1909. The 
specification report which accompanied this 
design was as follows : 1. Two designs have been 
prepared : one shows a Cuddapah slab drain 
covering and tbe other cast iron chequered plate 
covering. 2. Cuddapah slab covering : On both 
sides of tbe top of drain at the place where it is pro- 
posed to permit a covering being laid, 3 to 5 cut- 
stones 9"X5F to6''x4" long will be fixed. The 
object of the cutstone is to prevent damage to the 
masonry of the drain each time the covering is 
remove! On the top of the drain side of each 
cutstone will be cut a groove 6|" x 2|" x 3" in size 
to form bearings for the Cuddapah slab drain cover- 
ing, the thickness of which will vary from 2j inches 
to 3 inches. 3. Chequered plate covering : Similar 
cutatones to that required for slab covering will be 
required in this case also. But the inside groove 
will be only li" X 3i" in size. The chequered plate 
will be as per design and dimensions shown in the 
plan. The plate will be made in 2 feet length for 
convenience in handling and for strength. 4. In 
both cases the top of the covering should be flush 
with the top of the cutstone and there should be 
a space of i inch on either side of the covering 
between itself and the cutstone. Care should be 
taken to see that the covering lies firmly on the 
cutstone support which should be evenly dressed on 
the bearing surfacOr- 5* There will be two holes 


each 3"Xf" in each chequered plate of 2 feet length 
and one such bole in each 4 feet length of Cuddapah 
slab cover for letting in the lifting tool, which will 
be as per design in the plan and will be made in 
steel. 6. The following is the statement of appro- 
ximate cost of the two kinds of coverings taking 
each covering as 4 feet in length. 

Estimated cost for covering 4 feet long. 



Abstract Of Quantities For Femovable Drain 
CoYering Suitable For Wheeled Traffic: 
Plate 211. 


Quantity. 

Description of work. 


Cuddapah slab removable drain covering, 

4 feet long, for a 6" open drain suitable 
for wheeled traffic. 

2*75 0. ft. 
esq. ft. 

Granite stone at sides. 

Cuddapah slab. 

Total Es. ... 


Cuddapah slab removable drain covering. 

4 feet long, for a 9" open drain suitable 
for wheeled traffic, 

2 75 0. ft. 

7 sq.ft: 

Granite stone at sides. 

Cuddapah slab. 

Total Bs. ... 


Cuddapah slab removable drain covering. 
4 feet long, for a 12" open drain suitable 
for wheeled traffic. 

2'76 0. ft. 

8 eq. ft. 

Granite stone at sides. 

Cuddapah slab. 

Total Es. ... 
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Quantity. 

* Description of work. ' 


Cuddapab slab removable drain covering, ■ 

4 feet long, for a 15' open drain suit- ' 
able for wheeled traffic. i 

3oJt. 

9 sq. ft. 

Granite stone at sides. 1 

Cuddapah slab. i 

Total Es. ; 


Cuddapah slab removable drain covering, | 

4 feet long, for an 18' open drain suit- 1 
able for wheeled traffic, ; 

3 0. ft. 

10 sq. ft. 

I 

Granite Itone at sides. i 

Cuddapah slab. ; 

Total Es. ... : 


Cuddapah slab removable drain covering, 

4 feet long, for a 21' open drain suit- 
able for wheeled traffic. 

3 c. ft. 

11 sq. ft. 

Granite atone at sides. 

Cuddapah slab, 

Total Es. ... 


Cuddapah slab removable drain covering, 

4 feet long, for a 24' open drain suitable 
for wheeled traffic. 

3 0. ft. 

12 sq. ft. 

Granite stone at sides. 

Cuddapah slab, 

Total Es. ... 


An Iron removable drain covering, 4 feet 
long, for a 6' open drain suitable for 
wheeled traffic. 

3 c. ft. 

■ 156 lb. 

Granite stone at sides. 

Iron covering. 

Total Es, ... 


An iron removable drain covering, 4 feet 
long, for a 9' open drain suitable for 
wheeled traffic. 

3 c. ft. 

196 lb. 

Granite stone at sides. 

Iron covering. 

Total Es. ... 


An iron removable drain covering, 4 feet 
long, for a 12' open drain suitable for 
wheeled traffic. 

3 0. ft. 

234 lb. 

Granite stone at aides. 

Iron covering. 

Total Es. ... 


An iron removable drain covering, 4 feet 
long, for a 15* open drain suitable for 
wheeled traffic. 

3 0. ft. 

2731b. 

Granite stone at sides. 

Iron covering, “ 

Total Es. ... 


An iron removable drain covering, 4 feet 
long, for an 18' open drain suitable for 
wheeled traffic. 

S o. ft. 

Granite stone at sides. 


3T 


Quantity. 

Descrlptioo of work. | 

■ 3121b. 

i 

Iron covering, i 

Total Es. ... ' 

' 

! 

An iron removable drain covering, 4 feet 
long, for a 21* open drain suitable for ; 
wheeled traffic. J 

s 3 c. ft. 

; 351 lb. 

Granite stone at sides. 1 

j Iron covering. j 

! Total Eg. ...J 

i 

i 

1 An iron removable drain covering, 4 feet 1 
i long, for a 24* open drain suitable lor \ 
'1 wheeled traffic. > 

i 3 0. ft. 

! 3901b. 

; Granite stone at sides, 

1 Iron covering. 

1 Total Es. ... 


Closed Drainage, 

In this system, by the use of closed sewers, all 
the objections stated against the open drainage 
system are absent. However, there is the difiSculty 
of dealing with rainfall which falls on roofs and 
court yards during certain periods of the year, and 
the present condition of the bouses and the habits 
of the people in India contribute an additional 
difficulty in the way of providing satisfactory house 
connections. Sectional pumping is provided usually 
dividing a town into a number of separate areas 
for sewerage purposes. In plate 196 is illustrated 
a specimen survey of lines of sewers in a plain 
country. On a perusal of this plate, it will be 
observed that the sewers are laid in streets with 
flush tanks at the head of each drain, manholes at 
each change of direction or gradient. On the 
straight run of sewers, manholes should be pro- 
vided at intervals of not more than 300 feet, so 
that any part of the drainage system may be clean- 
ed from one manhole to another with drain rods of 
the usual length of 160 feet. The designs for man- 
holes are usually of the type shown in plates 199 
and 200, where a manhole intervenes a change 
of gradient it is of the type shown in plate 
201. The flush tanks at the heads of sewers 
are usually of the type shown in plates 197 and 198. 
A suitable design for a lamp-hole is illustrated 
in plate 202, Whenever sewage is discharged 
suddenly into a sewer, the air in the sewer is com- 
pressed and relieves itself either by escaping at out- 
lets provided for the purpose or else by forcing its 
way through syphon traps. It is therefore necessary 
that the air in sewers should be kept fresh by a well 
arranged system of ventilation so that any air 
escaping from them may be as innocuous as possible. 
The usual methods adopted for ventilation of sewers 
consist of ordinary road ventilators or else an 
arrangement of low level fresh-air inlets and high 
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level oulletis, or a comfeinaiiion of the two methods. 
Eor Icdiau conditions, the arrangement of low level 
fresh-air inlets and high level outlets has been found 
satisfactory and should be adopted. There should 
also be a ventilating shaft at flush tanks at heads 
of sewers as shown in plates 197 and 198. The 
sullage of houses is connected to the sewers by 
means of house connections. As already stated, 
considering the existing conditions of the houses 
and the habits of the people, a pattern of house 
connection satisfying not only the sanitary require- 
ments expected of them but also the imaginary 
grievances and objections of people cannot be de- 
signed. In plate 203 are shewn patterns of house 
connections, air-inlets, ventilating arrangements 
for cess-pits, junction manholes, etc., as designed 
by Mr. Hutton. 

Sizes And Gradients Of Sewers. 

The essential principles on which the sizes of 
sewers are determined are as follow : 1. That 4 
inch and 6 inch sewers should have a velocity 
usually of 3 feet to Si feet per second when flowing 
full or half full and an absolute minimum velocity 
of 2i feet per second flowing full or half full. 2. That 
9 inch sewers and sewers above 9 inches in diame- 
ter should have a velocity when flowing full or 
half full of 2i to 3 feet per second usually and 2 
feet per second as an absolute minimum. 3. That 
the sizes of sewers should be so fixed that when 
they are flowing half full, they are capable of 
carrying the maximum discharge of sewage from the 
prospective population fo^ which the sewerage 
scheme is designed. 4. That the length of each 
6 inch sewer should be limited to 300 feet and 
beyond this distance up to the point where the 6 inch 
sewer will end according to calculations there should 
1)6 a 9 inch sewer, laid however with the gradient as 
if it was a 6 inch sewer. Similarly, 9 inch sewers 
should be increased to 12 inches and 12 inches to 
16 inches and so on. oui drains or sewers are said I 
to be self-cleansing when the flow of sewage which | 
ordinarily comes' down them is sufficient to keepi 
them free from deposit!^ To' secure this result in]' 
practice, the sewers should be laid with such evenfj 
gradients as would give the velocities stated abovJI 
as absolute minimum requirements. , The following 
table gives the gradients required to ensure different 
velocities Of flow when flowing full or half full 
calculated by Kntter’s formula given on page 186. 
The amount of discharge of sewers when flowing 
Ml is also given in the table. 


Size of sewec 
in inches. 

P 

u 

> 

0 

Velocity in feet 
per second. 

Discharge in 
gallons per 
minute. 

1 

Fall 

over. 

Velocity in feet 
per second. 

« w 
.rt c 

A 

- , * 

^ CQ O 

III 

g»a 

4 


82 

2 

65 

52 

25 

82 

6 


160 

2 

146 

100 

2-5 

185 

9 


300 

2 

830 

190 

2*5 

415 

12 


465 

2 

637 

295 

2-5 

739 

15 


640 

2 

922 

415 

2*5 

1150 

18 


840 

2 

1324 

540 

25 

1660 

20 


980 

2 

1633 

630 

2*5 

2047 

21 

1050 

2 

1801 

680 

2-5 

2250 

24 

1250 

2 

2371 

820 

2'5 

2943 

27 

1500 

2 

2974 

970 

2-5 

3722 

30 

1750 

2 

3656 

1100 

2-5 

4646 

33 

1950 

2 

4474 

1300 

2-6 

5522 

36 

2200 

2 

6323 

1490 

2-5 

6604 

39 

2500 

2 

6188 

1600 

2-6 

7795 

42 

2750 

2 

7192 

1800 

2'5 

8959 

45 

3000 

2 

8281 

1950 

2-6 

10355 

48 

3300 

2 

9371 

2150 

2-6 

11714 

4 


44 

2‘75 

89 

37 

3 

97 

6 


84 

275 

202 

71 

3 

220 

9 


160 

275 

453 

135 

3 

494 

12 


245 

276 

812 

210 

3 

877 

15 


345 

275 

1263 

290 

3 

1379 

18 


450 

276 

1821 

380 

3 

1893 

20 


530 

275 

2235 

440 

8 

2457 

21 


560 

276 

2484 

476 

3 

2700 

24 


680 

276 

3238 

570 

3 

3542 

27 


810 

275 

4080 

680 

3 

4459 

30 


930 

275 

5061 

790 

3 

5499 

33 

1050 

275 

6168 

900 

3 

6660 

36 

3200 

275 

7278 

1000 

3 

7989 

39 

1850 

275 

8606 

1150 

3 

9232 

42 

1500 

276 

9839 

1260 

3 

10801 

45 

1650 

275 

11288 

1350 

3 

12604 

48 

1750 

275 

13025 

1500 

3 

14092 

4 


27 

3’5 

114 

21 

4 

129 

6 


52 

3‘5 

257 

40 

4 

293 

9 


98 

35 

680 

76 

4 

659 

12 


150 

3 6 

1040 

120 

4 

1163 

15 


215 

35 

1604 

165 

4 

1833 

18 


280 

3'5 

2315 

216 

4 

2645 

20 


325 

3’6 

2864 

250 

4 

3269 

21 


350 

3‘5 

3152 

270 

4 

3593 

24 


425 

3*5 

4110 

330 

4 

4668 

27 


500 

3’5 

5211 

385 

4 

5949 

30 


580 

3-5 

6436 

445 

4 

7366 

33 


660 

3-6 

7798 

510 

4 

8888 

36 


750 

3-5 

9247 

570 

4 

10625 

39 


830 

3-5 

10893 

640 

4 

12433 

42 


920 

3-5 

12628 

710 

4 

14399 

45 

1000 

a-5 

14671 

780 

4 

16529 

48 

1100 

3-6 

16611 

850 

4 

18817 

4 


16 

4-5 

148 

13 

5 

164 

6 


31 

4-6 

333 

26 

5 

364 

9 


60 

4-6 

742 

48 

5 

830 

12 


93 

4-5 

1322 

75 

5 

1472 

16 


130 

4-5 

2065 

105 

5 

2300 

18 


170 

4-5 

2976 

140 

6 

. 3281 

20 


195 

4-6 

8705 

160 

5 

4092 

21 


210 

4-6 

4077 

175 

6 

4470 

24 


255 

4-5 

6820 

210 

5 

5866 

27 


805 

4-6 

6690 

245 

6 

7473 

30 


355 

4*6 

8248 

286 

6 

9210 

33 


405 

4*6 

9986 

326 

6 

11157 


^ 
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<0 

^ . 

O m 

"“1 

S‘“ 

H 

u 

(S 

!> 

o 

a 

4 

Velocity in feet 
per aeoond. 

Discharge in 
gallons per 
minute. 

H 

7 

% 

0 

a 

Velocity in feet 
per second. 

Disobargo in 
gallons per 
minute. 

36 

455 

4*5 

11905 

370 

5 

13216 

39 


510 

4'5 

13946 

410 

5 

15567 

42 


560 

4*5 

16237 

455 

5 

18031 

45 


620 

4’5 

18562 

500 

5 

20693) 

48 


670 

4‘5 

21224 

550 

5 

23448 i 

4 


11 

5*5 

178 

9 

6 

197! 

6 


21 

5*5 

405 

18 

6 

437! 

9 


40 

56 

909 

34 

6 

986 

12 


62 

55 

1620 

52 

6 

1769 

15 


87 

5*5 

2527 

73 

6 

2759 

18 


116 

5*5 

3621 

96 

6 

3964 

20 


130 

5‘6 

4537 

110 

6 

4942 

21 


140 

5*5 

4998 

120 

6 

5402 

24 


170 

5*6 

6522 

145 

6 

7064 

27 


205 

5*5 

8173 

170 

6 

8959! 

30 


235 

5*5 

10153 

200 

6 1 

11011 

33 


270 

5*5 

12250 

230 

6 

13276 

36 


305 

5*5 

14564 

255 

6 

15938 

39 


340 

5*5 

17106 1 

295 

6 

18697 

42 


375 

5*6 

19S76 ! 

315 

6 

21696 

45 


415 

5*5 

22729 

350 

6 

24762 

48 


450 

5*6 

26942 

380 

6 

28248 


Flushing. 

Even if the sewers are laid with self-cleansing 
velocities, as stated in a previous lecture, it is neces- 
sary that provision should be made for flushing as 
the sewage flow alone cannot be regulated to effect 
the necessary flushing to sweep away all deposits 
in the sewers and prevent the generation of sewer 
gases. Plates 197 and 198 illustrate the designs 
proposed for such flushing tanks. For escape of 
sewer gas these designs are provided with ventilating 
shafts and to enable the automatic Field syphons 
to operate, 2" wrought iron tuba air-inlets are also 
provided. For sewers, the sizes of the tanks are 
shewn in the following table : 

Sizes of sewers in inches. Capacity of flash tank in 
gallons. 


4 or 6 

99 

9 

227 

12 

370 

15 

640 

18 

1010 

21 

1670 


Advantage should be taken of utilising the sew- 
age from branch sewers, where possible, to flush 
sewers running on a lower level in order to econo- 
mise the use of drinking water supply for flashing 
purposes. Another suitable location for flasbiug 
tanks is near public fountains so as to utilise the 
spill water in the flushing tanks. In the cases of 
sewers of small lengths up to 100 feet, lamp holes 


should be provided at the head of each sewer for 
the purpose of flushing from buckets or barrels. 

fentilation. 

Ventilation to every part of the sewer is proposed 
to be effected by providing manholes with air 
inlets for admission of fresh air and with ventila- 
ting shafts for escape of sewer gas, on the following 
principles : There should be an air inlet manhole 
at every 600 ft. apart commencing from the junction 
of the sewer at its deep end ; and a ventilating shaft 
manhole at every 600 feet commencing from the 
head of the sewer, so that at every 300 feat on the 
line of the sewer there will be either an air-inlet or 
a ventilating shaft manhole. Manholes with cast 
iron surface boxes should be provided in all cases 
where they may require to be often opened for 
cleansing or inspection purposes and where no 
similar manhole is available within 300 feet. 

Junctions Of Sewers With Open Brains. 

Owing to the small widths of lanes, the larger 
lanes being not more than 6 feet wide, and when the 
inclination of the lane permits of an open sur- 
face drain and the cost of house connections and 
platforms for such small lanes would be prohibitive, 
the drainage of such lanes should be provided for 
by open surface drains terminating in a junction pit 
and connected to the main sewers by a suitable 
trap and ventilating shaft. 

House Connections. 

The patterns of these are shewn in plate 203 and 
call for no further remarks. As the sewer venti- 
lation is proposed to be effected by provision of air- 
inlets and ventilating shafts at manholes it will 
be noticed that no provision for ventilating 
the house connections has been made nor is it 
required. From an inspection of the house connec- 
tion it will be noticed that if the water seal of the 
trap is broken by pressure of sewer gas from the 
main sewer such gas will escape naturally upwards 
from the top opening of the house connection and 
will not pass into the house. 

General Principles ind Bata. 

Having selected the system on which the drain- 
age of a town is lio be carried out, the plans 
should be carefully prepared so as to ensure accu- 
racy and uniformity throughout. The location of 
outfall works where the sewage is to be flually 
delivered should be carefully considered and decided 
on, especially where pumping of sewage at disposal 
works has to be resorted to. In schemes where final 
pumping of sewage is unavoidable, the works should'^ 
be designed with minimum gradients to minimi^b 
the lift and the consequent cost. The depths of fel|e 
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sewers below ground mnsfe be so regnlafeed as to 
enable them to drain the basements of houses and 
also to prevent damage to sewers by traffic. The 
minimum depth of a sewer at commencement is 
usually 3i feet. The maximum depth of stoneware 
pipe sewers is regulated by the subsoil water level 
of the town. Sewers to be laid at depths exceeding 
15 to 16 feat are cast iron. The sewers should 
as a rule, be laid in straight lines and with even 
gradients between manholes. The house connee* 
tion pipe drain should never join the street sewer 
at right angles, but should always join at a slant 
along the direction of the dow of sewage. This 
arrangement is essential to avoid disturbance to 
the proper flow of sewage along its intended course, 
lor the same reason, the floors of manholes should 
be curved as shewn in the designs illustrated in 
plates 199 and 200. Quantity of sewage : The size 
of sewer depends on thramount of sewage to be 
dealt with. A careful account should be taken of 
the quantity of sewage of the population in the 
area to be drained and also of the population from 


the neighbouring areas which may be included in 
the future. The usual practice is to take the 
water supply as a guide and to provide for a 
constant daily supply of sewage of equal amount. 
As in the case of water supply, an allowance 
must be made for the prospective increase of 
population. Admission of rainfall : The quantity 
to be provided for under this head is yet an un- 
settled question. The usual practice is to provide 
an allowance of rainfall at the rate of i inch per 
day per house over an average area of 1,000 square 
feet, If the sizes of sewers are fixed on the princi- 
ples described before it will be found that the 
sewers are sufficiently large to take six times the 
dry weather flow of the prospective population with 
a reasonable allowance for ventilation while con- 
veying sewage at same time with minimum 
standard velocities. At suitable points, and at 
pumping stations, provision should be made for 
overflow arrangements to surplus the excess water 
due to rainfall into nearest water courses or 
channels. 



DEAINAGB : MATEEIALS AED THEIE USE ; THE USE OF DEAIXAGE 
PIPES, GLAZED AND UNGLAZED BEICK DEAINS, SYPHON TEAPS, 
CESSPOOLS, ETC. 


Materials. 

It will be admitted that in any work, the best 
materials are always the cheapest in the long run. 
Special care to conform to this rule in the case 
of drainage materials is necessary, for in ordinary 
building work the materials are not subjected to 
deteriorating influences as in the case of drainage 
works and any damage in the former case becomes 
apparent while in the latter it is not detected 
till it has assumed serious proportions entailing 
danger to health. The materials used in drainage 
work should not only be durable but also be 
those least liable to be affected by damp, by the 
chemical qualities of sewage, and by sewage gases. 
Stoneware drain pipes should be homogeneous in 
texture, impermeable to water, uniform in thick- 
ness, cylindricai throughout, straight, and strong 
enough to resist bursting by moderate pressure. 
The impermeability of the pipe itself should further 
be assisted invariably by its being glazed. The 
bricks used for drainage works should be specially 
well burnt and hard. The cement should be the 
best English Portland cement conforming to stand- 
ard specifications. 

Syphon Traps, 

In fig. 7, plate 221 is illustrated a trap which is 
a term applied to the dip or bend in a sewer. The 
object of a trap is to break the direct line of 
connection between the air contained by two 
portions thereof. The portion A B in the illustration 


is termed the effective seal of the trap and the 
water retained is said to seal the trap. The stand- 
ard depth of seal generally accepted is 2| inches 
and 1| inches is considered the minimum sea! 
admissible. Traps may be sub-divided into ‘S’ 
traps, ‘P’ traps, disconnecting traps, grease traps, 
syphon traps, intercepting traps, etc. 

Cesspools. 

In localities, where there are no gardens attached 
to each house, necessitating the removal of house 
sullage by collecting it in fronts of houses, cess- 
pools, otherwise called catch pits or sink-pits, are 
provided. If these pits are pervious the subsoil is 
fouled near houses to an abominable extent. In 
impervious cesspools, they have to be emptied at 
frequent intervals into water tight carts to be con- 
veyed to some locality to be disposed of in a suitable 
manner, minimising the objectionable character of 
the raw sewage. In practice, difficulties occur in 
connection with the regular removal of the contents 
of cesspools. The provision of cesspools as a method 
of sullage removal from houses has nothing to 
be said in its favour ; and the provision of sink-pits 
below ground level fouling the subsoil and surround- 
ings, evolving an abominable smell, possesses many 
disadvantages apparent to all and too numerous to 
mention. An arrangement for ventilating a cesspit 
and for a disconnecting syphon between house 
drain and drop outlet is illustrated in plate 20S. 
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Pipe Jointing. 

The joiuts of pipes in closed sewerage schemes 
should be made with special care as leakage occurs 
mostly at joints. The joints of stoneware pipes 
should be done with neat Portland cement or of 
1 part cement to 1 of sharp sand. Sewer pipes 
should always be laid with the socket at the 
higher end. It is therefore necessary to commence 
at the lower end and work upwards. The drains 
should be laid accurately with boning rods from 
point to point after lining and levelling the sewer 
line. Any carelessness in the preliminary operation 
of lining and levelling will result in serious conse- 
qnenoes. The sites of manholes with levels of 
the inverts of pipes entering and leaving it should 
be carefully marked. Pipe sewers, unless they are 
well jointed with strong and water-tight joints, will 
be of little value. Care should therefore be taken 
that the pipes are traly concenjiric, that no cement 
is forced up inside the joint, that the socket is 
properly filled , with cement, especially on the 
underside. Several kinds of sockets and spigots 
have been invented but none of them are of a 
character not to need best workmanship and 
supervision in laying and jointing. Jtoneware 
pipes should not be used in situations in whict. 
the velocity of flow in the sewer is more thaii 
4 feet per second. In water logged ground and in 
all situations where there is a likelihood of a stone- 
ware drain giving way, owing to pressure, settle- 
ment of the ground, stoneware pipes should not be 
used. In such cases, cast ..iron drainage pipes 
should invariably be used.* The cast Iron pipes used 
in drainage works should be plain, socket and spigot^ 
pipes which are jointed' with lead as described 
water iron drainage pipes possess 

many 'aJvanfages over stoneware pipes, 
drawback Bsing the' extra cost . inyolved,^ How- 
ever, if the security obtainedhy the morl '^durable 
cast iron pipes is considered, there is no doubt that 


the most economical material for drainage pipes 
will be cast iron. 

Subsoil Drainage. 

In a previous chapter I have discussed the neces- 
^ sity of a healthy dwelling site having its subsoil 
water as, low as possible and at a constant level 
Low-lying, clay and water logged soils account for 
the general health of the people living in such areas 
being very low. If the level of subsoil water is 
lowered, then the climate of such areas is drier and 
more healthy. Channels, streams, water courses 
and rivers are effective for the natural drainage of 
land in ordinary soils and circumstances. In certain 
situations, to improve the sanitation of the place, 
pipe draining is adopted to keep the level of the sub- 
soil water at some distance below the surface of the 
ground and at a constant level, if possible, or fluctuat- 
ing as little as possible. An arrangement of subsoil 
drainage is shown in fig. 1, plate 220 ; and in fig. 2 is 
shown the section through upper end of drain and in 
fig. 3 the section through lower end of drain. The 
filling above the pipe usually consists of large gravel 
or broken stone. The subsoil drains are usually 
laid with the available fall of the land or about 1 in 
150. The distances apart of drain pipes depend on 
their depth, on the slope of the ground, and on the 
character of the soil. They are generally 4 feet deep 
spaced 20 to 27 feet apart in stiff clay soils, 30 feet 
apart in heavy soils and 40 feet apart in light soils. 
When the subsoil water fluctuates much, large sized 
deep subsoil drains would be more effectual than a 
number of small drains. The pipes in subsoil drainage,,, 
are usually open jointed or wedge jointed. In thje^ 
case of foul drains, the joint's of sewers shbuIS Be 
wlKer-1ti|ht* while in the ease of subsoil drains, they 
are left in position by means of stone wedges inserted 
into the sockets of pipes. lor small areas, trenches 
or ditches dug all round the area with an outfall 
into the nearest channel will draw away the moisture 
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from beneath the footings and leave the fonndation 
soil undisturbed. 

Testing Drains, 

All sewers should be tested from the lowest point 
to the highest, at the time the drainage works are 
being carried out, with the object of ensuring and 
proving that the works have been well done, that 
the sewers and manholes are water-tight, that the 
soil pipes, ventilating pipes and connections are 
water-tight and air-tight. The two most reliable 
tests made use of for proving the soundness of the 
drains are the hydraulic or the ‘ water ’ test and the 
pneumatic or ‘air’ test. The underground sewers 
should be tested for soundness by the water test. 
The method of testing with water is by plugging the 
lower end of a sewer by one of the numerous plugs 
now made for the purpose and by filling the sewer 
with water. At the upper end, a bent pipe set 
vertically or a special plug having a union on it is 
inserted to which is attached an India rubber tube 
carried to the gauging can at ground level. Branch 
drains should invariably be laid and tested simulta- 
neously with the diain sewers. The object of the 
water test is to test the joints of pipes and not the 
quality of the pipes themselves. The testing of the 
quality of the pipes used in drainage works should 
be done, before the pipes are sent to the work spot. 
Leakiness of joints, absorption by pipes and joints 
and sweating of pipes and joints are the factors 
which cause any subsidence of water after the 
sewer has been filled with water. A uniform rate 
of subsidence indicates leakiness of joints which 
will be visible to the eye or may be ascertained by 
feeling under each joint. A diminishing rate of 
subsidence, the rate getting less and less till no 
further subsidence takes place indicates absorption 
by pipes and joints. Slight but continuous subsi- 
dence of the water indicates sweating of pipes and 
joints. In applying the pneumatic test, all open- 
ings on the drainage system or of a section thereof 
such as gullies, closets, vent pipes, etc., are carefully 
sealed and air pumped into the drains. The 
pressure attained is indicated on a gauge attached 
to a plug closing one of the openings in the drain. 
The gauge being carefully watched after the desired 
pressure has been obtained, the soundness or leak- 
ing conditions of the drains under test will be indica- 
ted by the constancy or the diminution in pressure 
respectively. The ‘ smoke ’ test and the ‘olfactory’ 
test are the other leats made use of in . drainage 
works, Smoke test consists in pumping into the 
drain through a manhole or other opening in the 
drains, the smoke generated by a smoke machine so 
that the defective points may be apparent by the 
escape of smoke. Olfactory test consists in the 
sdwers being charged with some pungent or other- 
wise distinctive smell so that the escape of smell 


through defective places may he defected. Both 
the smoke and the smell test are imreliabie for 

proving soundness. 

Filter Trench For I House i Plate 206 . 

In the above plate is illustrated the type design 
No, 103 issued with proceedings of the Madras 
Sanitary Board No. 251- S., dated 15-8-07. The 
specification report which accompanied this design 
was as follows : Estimated cost Es. 6. The sullage 
water from the house to be provided with a filter 
trench should be conveyed by an oval-shaped 
cement plastered drain to the most open and exten- 
sive plot of ground available in the compound of the 
house. The most suitable location of a filter trench is 
in the garden of the house, provided there is not a 
drinking water well within an appreciable distance 
into which there is a chance of the sullage water ulti- 
mately finding its way from the filter trench. At the 
end of the house drain, a catch pit 12" X 12" X 6" 
intended to arrest stones, straw and debris brought 
down by the house drain is shown on the plan. 
This catch pit is intended to be cleaned out periodi- 
cally and the solid contents deposited in the dust- 
bin or buried in the garden according to local 
arrangements. The sullage water frcm the bouse 
after passing across the catch pit is intended to flow 
through a grating made of iron reds, i an inch apart 
in which all leaves and other floating debris will be 
caught and removed at the same time as the stores, 
etc., from the catch pit. After passing through the 
grating the sullage water will flow over a bed of 
sand, 6' x2' by 12" deep. Here it will slowly 
filter through the sand and the underlying 2 feet 
bed of broken stone and so be diffused through the 
subsoil after its objectionable character has been 
removed by the filter bed. In situations which per- 
mit, it is a good plan to provide a 3" drain pipe from 
the bottom of the stone layer, leading into the 
nearest ditch. The object of the drain pipe is to 
ensure that the bottom of the stone filling is kept 
dry as it is fatal to the successful working of a 
filter trench if it becomes waterlogged by the rising 
of the subsoil water. In the plan the highest subsoil 
water level is shown some distance below the 
bottom of the filter trench and in such situations the 
trench should fulfil its purpose. It will he noticed 
that there is no protecting bund aronnd the filter 
trench to’ exclude drainage caused by heavy rainfall, 
It is presumed that the filter trench will be placed 
where it is not liable to be swamped by a sudden 
and heavy shower. When the surface of the sand 
layer becomes clogged, as it will in time, it can be 
scraped, one inch in depth of sand being removed at 
each scraping. After three such scrapings, 3 inches 
of fresh sand should be added so as to restore 
the bed to its original condition. Notes on loca- 
tion and working of filter trenches : (1) A house, 
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rmcounecfeed with a general sewerage system, where 
the subsoil water level is not too near the surface, 
say 6 feet, and the soil and the ground level of the 
backyard are suitable for drainage of the effluent, 
may be provided with a filter trench, (2) The size 
of a filter trench should nob vary ; if from the 
amount of impurity the filter gets choked, it 
can be cleaned the more frequently. (3) Cleansing 
filter trench by the Municipal scavenger : The 
drain, catch pit and grating daily, Surface of 
filter, once or twice a week. The whole filter once 
or twice a year as required. 


Abstract Of Quantities For A Filter Trench 
For A House : Plate 206. 


Quantity, 

Desoription of work. 

52 c. ft. 

2 » 

10 „ 

24 sq. ft, 

24 0. ft. 

12 „ 

Earthwork, excavation . 

Concrete, broken stone in surkhi mortar. 
Brickwork in surkhi mortar. 

Plastering with cement, 1' thick. 

Filling in with broken stone. 

1 , clean sand. 

Grating of J" bars. apart, fixed to 
flat iron including fixing com- 
plete. 

Petty charges, 

Total Es. 
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EETUEN IN EELATION TO TEMPEEATUEE AND CLIMATE. 


Disposal Of Sewage. 

Outfall is the place at which the sewage of a 
town is finally discharged by sewers or drains. 
Works that are carried out at outfall are called 
‘ outfall works ’ or ‘ disposal works.’ The disposal 
works may be discussed under land treatment, 
chemical treatment with tank precipitation and 
artificial filtration, and bacterial treatment. In 
addition to these, sewage may be discharged into 
running streams,, tidal rivers and into the sea. Crude 
sewage is the sewage as produced and conveyed 
by sewers and drains to disposal works. When 
the crude sewage is treated at outfall works 
either on laud or through bacterial filters or by 
precipitation and artificial filtration chemically, 
the effluent after such treatment is called 
‘ treated sewage ’ or ‘ filtered sewage effluent.’ The 
requirements of the London Local Government 
Board in the matter of the disposal of sewage, 
may be thus summarised : 1. That only 6 times 
the dry weather flow must be conveyed to the 
sewage works for treatment, and that anything 
above that quantity must pass through storm 
overflows, as a dilution of 5 of water to 1 of sewage 
is considered to be sufficient to render the sewage 
practically harmless to pass off into a river or 
stream without any further treatment. % That 
sewage when diluted with water in the proportion 
of 2 of water to 1 of sewage, should be treated as 
‘ strong’ or ‘ ciude sewage.’ 3. That sewage mixed 
with water between 3 times to 6 times the dry 
weather flow need not be fully treated as crude 
sewage, but should however receive special treat- 
ment. 


Methods Of Sewage Purificatioii. 

Before proceeding to consider the various means 
adopted for purifying sewage, it will be well to refer 
to the question of the standard of purity of sewage 
desired. Crude sewage contains about 100 
grains of solid matter per gallon, of which one* third 
is in suspension and two-thirds in solution. The 
substances, present in sewage, which is water that 
has been fouled with various matters, chiefly 
human and animal excreta and waste water from 
houses, markets and stables, may be classed under 

1. Organic matters in suspension in the water. 

2. Mineral matters in suspension in the water. 

3. Organic matters in solution in the water. 4. Mineral 
matters in solution in the water. It is of course 
impossible to state a fixed standard of purity uni- 
versally applicable. It may, however, be necessary 
to know a safe standard for average conditions as a 
guide to check the results in particular cases. The 
standard fixed by Eoyal Commission on sewage 
disposal is “ that an effluent can best be judged 
by ascertaining, first, the amount of suspended 
solids which it contains, and second, the rate at 
which the effluent, after the removal of the sus- 
pended solids, takes up oxygen from water. In 
applying this test, it is important that the suspended 
solids should be removed and estimated separately. 
For the guidance of local authorities we may 
provisionally state that an effluent would generally 
be satisfactory if it complied with the ^following 
conditions : 1. That it should not contain more 
than 3 parts per 1,00,000 of suspended matter. 
2. That, after being filtered through filter paper it 
should not absorb more than : (a) ‘5 part by 
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weigbij per 1,00>000 of dissolved atmospheric oxygen 
in 24 hours, ih] TO part by weight per 1,00,000 of 
dissolved or atmospheric oxygen in 48 hours, 
(c) 1*5 part by weight per 1,00,000 of dissolved or 
atmospheric oxygen in 5 days.” Analytical results 
are stated usually in parts per 1,00,000. Some- 
times they are recorded in grains per gallon. 
In this ease, to convert to parts per 1,00,000 the 
conversion equivalents are: one lb. avoirdupois 
equals 7,000 grains and one gallon of water equals 
70,000 grains so that 7 grains per gallon equal 10 
parts per 1,00,000. Thus, to convert grains per 
gallon to parts per 1,00,000. divide by 7 and multiply 
by 10, or conversely to convert parts per 1,00,000 
into grains per gallon, multiply by 7 and divide by 
10. Er. Barwise suggests the following standard 
as generally suitable : “ Total suspended matter less 
than 3*0 parts per 1,00,000; Oxygen absorbed at 
80 degrees Fahrenheit in 4 hours less than 1*5 
parts in 1,00,000 ; Albumenoid ammonia less than 
*15 parts per 1,00,000 ; Nitrogen as Nitrates to be 
at least *25 parts per 1,00,000.” _ The principal 
methods in use for the purification of sewage 
may be broadly classified as 1. process for prelimi- 
nary clarification by means of screening, sedimenta- 
tion, precipitation either with or without chemicals 
and by liquefying in the septic tank ; and 2. methods 
for the final oxidation of the impurities contained in 
the clarified liquid by land treatment, either in 
the form of broad irrigation or land filtration and by 
contact beds or percolating filters. Before explain- 
ing these methods it would be as well to explain 
the principles of the biological process. It has, 
been ascertained by experiments that sewage 
can be purified by liquefying and by oxidising 
organisms. Liquefying organisms exist without 
air and are generally classed as ‘ an aerobics ’ while 
oxidising organisms need air as an essential require- 
ment and these are classed as ‘aerobics.’ From 
this explanation, it will be seen that, for micro- 
organisms to act on sewage, it will be necessary 
that the sewage must be brought under condition# 
required for the two classes of organisms such that 
‘anaerobics” have first free play followed by 
‘aerobics.’ The objects aimed at in any treatment 
of sewage are : “ 1. Freedom from sewage odour. 
2, Freedom from turbidity and suspended organic 
matters. 3. A condition of stability so that 
further putrefactive changes are not likely to 
arise, this being due to the reduction of the 
putrefiable organic matters in the raw sewage 
to an amount in the effluent that is proof against 
putrefactive processes owing to its dilution with 
water. The amount of putrefiable organic matter 
in an effluent is most readily determiued by the 
oxygen absorbed by a known volume of the liquid 
in a certain time and at a certain temperature, and 
this can be contra.st 0 d with the oxygen absorption 


for the crude sewage, the result being usually 
expressed as a percentage reduction. In a similar 
way, a comparison of the albumenoid or organic 
ammonia in an effluent and sewage will show the 
reduction which has been effected in the organic 
matters originally present; whilst the amount of 
nitrates present in the effluent indicates the oxida- 
tion to which the sewage has been submitted in 
the aerobic beds, and is also an index of the 
stability’ or freedom from liability to further 
putrefaction which the effluent has attained.” The 
methods adopted to give practical application to 
the process of purification outlined above will now 
be described. 

Sullage Disposal Works For i Detached House : 
Plate 203. 

In the above plate is illustrated the design drawn 
up by Mr. Hutton, Sanitary Engineer to the 
Government of Madras, for certain Local Bodies 
in the Presidency of Madras. The sullage of a 
detached house is assembled at one point from 
which 4 inch stoneware pipes are laid to convey 
the sullage for disposal in a filter well. The filter 
well is 4 feet in diameter and is built with a depth 
of 6 feet. The bottom 4 feet will be filled with 
broken vitrified bricks. There will be a distributive 
channel on the surface of the filling. At one end 
of the filter well there will be a ventilating shaft 
as shewn in the design. 

Septic Tank. 

As far as Indian conditions are concerned, the 
usual procedure is to provide septic tanks in the 
case of such schemes which bring to the outfall 
the night-soil of the population for which the 
scheme is intended. In schemes in which the night- 
soil of the population is disposed of on the 
conservancy system, a septic tank is not con- 
sidered an essential requirement and the crude 
sewage is treated directly on the sewage farm. 
A septic tank is really a huge cesspool When 
sewage is stored in a tank or cesspool, the anaerobic 
process at once commences and if the septic tank 
or cesspool is left undisturbed, nature provides a 
thick coat of scum which excludes light and air 
thus developing the anaerobic form of life. The 
organic matter held in suspension in the sewage 
naturally sinks to the bottom of the cesspool, and 
it is at the bottom, the bacteria collect mostly, As 
sewage necessarily should enter the tank, there must 
necessarily be some movement of sewage in the 
tank. This, of course, cannot be helped. The tank, 
however, must be made large enough so that the 
sewage entering the tank is diffused and its velocity 
so reduced causing the solids held in suspension in 
the sewage to be disposed at the bottom mildly and 
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the organisms are disturbed as little as possible. 
The septic tank need not be necessarily roofed as 
the scum produced on the top is so thick and stout 
to prevent air and light ennering in the tank for the 
growth of the anaerobic bacteria. The maximum 
capacity of a septic tank should hold a 24 hours’ 
supply of crude sewage. As in practice, a tank to 
hold this quantity of sewage is likely to be very 
large, many engineers are satisfied with a tank of 
12 or even a minimum of 6 hours’ supply of crude 
sewage. As a rule, the sewage is passed through 
grit or sludge or detritus or screening chambers 
before the sewage is passed on to the septic tank. 
A design of a detritus and sedimentation tank is 
shown in fig. 5 and a setting tank in fig. 4 in plate 
221. Design for septic tanks are shown in plates 
208, 215, and 216 ; a catch-pit and sludge well are 
shown in plates 213 and 219. In some cases, 
absolute rest tanks are provided to effect a settle- 
ment and to dispose of the precipitated sludge 
through a sludge pen stock. A section of such a 
tank is shown in fig. 6, plate 221. With quiescent 
sedimentation the tanks are usually made large 
enough for 2 or 3 hours settlement, the top sewage 
being drawn off by floating arms as shown in the 
figure. The preliminary treatment in such cases 
is necessary as silt retards the growth and action 
of bacteria in septic tanks. The sole object for 
which a septic tank is introduced is the growth of 
anaerobic bacteria and the septic tanks need not be 
necessarily roofed if the sewage enters so that 
the velocity is reduced. The depth, as some say, 
of the septic tank is 4 feet and others say, 8 feet. 
Therefore the minimum depth recommended for a 
septic tank is 4 feet and the maximum 8 feet. 
Having known the depth, the area of the tank may 
be found out. The maximum depth at which the 
sewage should enter the tank is stated as 15 inches 
below the full supply level of the tank, but the 
present day practice is to make the top of the inlet 
and outlet pipes to be at the same level as the full 
supply level of the tank. 

Bacterial And Other Filters. 

As already stated, the second stage of sewage 
purification is carried out upon sewage filters or 
upon land. Sewage filters, as now constructed, 
are divided into two main classes, ' contact 
beds ’ and ‘ percolating or continuous filters.’ 

I Contact beds consist of tanks filled with material 
' such as broken stone, clinker, etc., and used by 
filling them up with tank effluent until the 
filtering medium is just charged with sewage, 
allowing it to stand for a given period, draining 
off, and standing empty. The usual cycle of 
these operations is as follows : Filling, one hour. 
Standing, two hours. Draining, one hour. Aerating 
four hours. Totals hours, With this cycle, three 


fillings per day are possible, and as the liquid 
capacity of a bed is 33 per cent, of its gross capa- 
city, it follows that a bed is capable of treating each 
day a quantity of tank efiluent equal to ilsgross capa- 
city, that is when cootaining no filtering medium. 
The operations of filling and emptying may be 
done by hand valves or by automatic valves worked 
by floats. The depth of contact beds should not 
exceed 4 feet. ' The second class of bacteria beds 
consists of masses of hard rough material, such as 
broken stone or slag of gauges varying from 3 inches 
to \ inch over which the tank effluent is distributed 
in the form of spray, and through which it perco- 
lates. The bed may or may not be enclosed by 
means of side walls, but it must have a good sub- 
stantial floor, efficient means of drainage and a 
proper system of distribution if good results are to 
be obtained. Tbe depth of the beds varies from 4 
feet to 10 feet depending upon the fall available 
and the size of the filtering medium. The quantity 
of tank effluent, which can be applied per square 
yard of surface of the bed, depends upon the 
strength of the sewage and size of tbe material 
employed for filtering and varies from 100 gallons 
per square yard per day to as much as 400 gallons, 
but this quantity cannot be maintained for long. 

A good average quantity is 150 gallons per square 
yard per. flay ; this will alio"w*th6 bed to take 
lEeTiouriy fluctuations in tbe rate of flow of 
sewage and for short periods it will take storm 
water up to 3 times the figure named. The sprinkl- 
ing process can be effected by a variety of 
arrangements, most of which have revolving arms 
operated in different ways, but there are also fixed 
jets and reciprocating travellers for rectangular 
beds. The relative merits of contact beds and 
percolating beds are as follow : 1. Where there 
is not much fall available, single contact beds can 
be constructed with about 3 feet 6 inches of fall ; 
double contact beds require 7 feet. A continuous 
filter may be constructed with a fall of about 5 feet 
3 inches, but if a coarse filtering material is to be 
used, this must be increased by 2 feet or possibly 
more. 2. Tbe tanks used for contact beds must 
be wa|er:|i|ht" apd therefore the facilities of the, 
^’‘SiteTor making water-tight beds must be takep.jnia., 
consideration. 3. The Weight of the material used 
ItTaTconlnuous filter is greater than that of a 
contact bed and therefore the stability of the 
ground must be taken into consideration. 
4. Double contact beds must be provided if an 
equivalent degree of purification is required to that 
produced by a continuous filter, 5. Oontaot beds 
must be worked by automatic gear if three fillings 
per day are required, SuPmaJIS^I^perated by hand 
if two fillings are sufficient. 6. Generally speaking, 
the gear for operating continuous filters is less 
liable to get out of order than that for contwl 



220 


MINOR SANITARY ENGINEERING. 


beds. 7. Where Ishe facilities for reducing sus* 
pended solids are limited, contact beds will sludge 
up and deteriorate much more quickly than con- 
tinuous beds. 8. Percolating beds are more 
adaptable to fluctuating rates of flow than contact 
beds. 9. The first cost of percolating filters is less 
than that of contact beds, for equal quantities of 
sewage. 10. Generally speaking, continuous fil- 
ters give better results than contact beds.” (Kemp’s 
1910 Year book.) 

Disposal Works For i Medical Institution. 

A scheme was drawn up by Mr. Hutton for the 
drainage of the Lunatic Asylum, Madras, and the 
plans which he exhibited at the ‘ All India Sanitary 
Conference ’ at Bombay are shewn in plates 212 to 
219 and his description of the scheme was as fol- 
lows: “ Shortly after passing through the east wall, 
the sewage will enter a catohpit and the excess storm 
water will pass over a weir into a storm overflow 
drain which will convey it to the Otfeary nullah. 
After the sewage passes through the catchpit, where 
floating debris and mineral matter will be caught, 
it will pass through two small septic tanks each of 
13,333 gallons capacity. From the septic tanks the 
sewage will pass through two Stoddart filters. The 
effluent from the filters will alternatively pass either 
to the Ottary nullah direct or to a suction well 
whence it will be lifted by a centrifugal pump, to be 
driven by an oil-engine, on to a sewage farm. This 
sewage farm will have an area of 6i acres and will 
be under- drained by drains placed 90 feet apart. 
The soil of the farm is clay loam and is not suitable 
for treatment of raw sewage. The farm will be 
utilised as a night-soil trenching ground or alterna- 
tively the night-soil of the Asylum will be dumped 
into the septic tanks by a slight re-arrangement 
of the inlet drains and the use of a hose. The quan- 
tity of water used per mensem at the Asylum 
as stated by the Superintendent is as follows : 
Red Hills pipe water, 4,50,000 gallons. Well and 
pieofctah water, 4,50.000 gallons, Total, 9,00,000 
gallons, To this should be added an allowance for 
fluctuation in quantity and increased population, 
say, 3,00,000 gallons. Total quantity that may 
require to be treated, 12,00,000, say, 40,000 gallons 
daily. The general arrangement of the proposals is 
shown in plate 212, The following is a detailed 
description of the works. Catchpit : The main 
outlet drain of the Asylum is a 30-mch open drain. 
After passing through the east wall this drain is 
bifurcated to the north as a 12-mch sewage or sullage 
drain and to the south as a 30 -inch storm overflow 
drain. The 12-inch sullage drain enters a catchpit 
of two compartments which act as a silt trap, the 
floor being depressed 9 inches below level of bottom 
of drain. The second compartment also contains 
an iron grating made of i inch rods with i inch 


spaces. At the end of this compartment there will 
be a regulating wooden shutter. The silt from this 
catchpit will be periodically removed and trenched 
and the grating will be periodically scraped. The 
design of the catchpit is shown on plate 213. 
Septic tanks: The effluent from the 12-inch open 
drain, after passing the catchpit or silt chamber, will 
flow through two branch open drains and later to 
septic tanks. The plan of the tanks is shown in plates 
215 and 216. The capacity of each tank is 13,333 
gallons so that the combined capacity is rather more 
than 12 hours’ flow. The septic tanks are designed 
of triangular form in order to facilitate deposition of 
sludge. They will be constructed by excavating the 
necessary amount below ground level. At the apex 
of each triangle and for the whole length of a tank 
a perforated sludge pipe is provided with the object 
of permitting of the periodical removal of sludge 
without interruption to the working of the tank. The 
inlet and outlet pipes of the tanks are turned 
down to prevent disturbance of the scum, or surface 
layer of contents. The sludge will be removed 
from a tank by opening the sludge valve which 
will allow the sludge and a certain amount of 
liquid to pass into a sludge well which is shown in 
plate 219. From the sludge well the contents 
will be lifted by a hand chain pump to a cistern 
where the sludge will settle and the excess liquid 
will flow back into the septic tanks. Bacterial 
filters: These filters will be two in number and 
will measure each 86' 4"x30'x6'. They will 
be constructed of rough stone outer walls with 
a filling of broken stone, vitrified engine ashes or 
other suitable materials as may be available at 
the time of construction. It will be advisable 
to fill one filter with, say, broken stone and the 
other with vitrified engine ashes or vitrified broken 
bricks in order to test results by analyses of 
effluent. The distribution airangements will be 
the well known Stoddarc’s distributors which are 
suitable for institution disposal works. Other 
types of distributors will not be so suitable from 
the point of view of maintenance and supervi- 
sion. The type adopted is one which requires 
hardly any attention or repairs. The plan of the 
filters is shown in plate 214. The filters will be 
excavated below ground, a suitable space around 
them being also excavated for aeration purposes. 
The floor will be of concrete plastered with cement 
and an effluent drain will surround each filter. 
Effluent: The effluent from the filters will either be 
led away by a 12- inch stoneware pipe to the Ottary 
nullah or it will be led to a suction well and pump- 
ed therefrom on to a sewage farm by a centrifugal 
pump and oil-engine. Tna design for the engine- 
house will be found in plates 217 and 218. Sewage 
farm: Besides the area required for the disposal 
works an additional area has been marked out 
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for a sewage farm, if required. This farm is located 
on land partly open, partly burrow pits, and partly 
covered with trees, scrub jungle, prickly pear, and 
huts forming a paracherri. The soil is nob suitable 
for a farm for treating raw sewage but the effluent 
from the filters can be utilised in growing grass, 
eholam or vegetables. The farm is undardrained, 
each underdrain discharging into an effluent chan- 
nel which will convey the final farm effluent to the 
Ottary nullah.” 

Bacterial Filters For Street Drainage : Plate 207. 

In the above plate is illustrated the type design 
No. 110 issued with proceedings of the Madras 
Sanitary Board No. 96 S., dated 9-3-1911. The 
specification report which accompanied this design 
was as follows: Tnese bacterial filters are intended 
for purifying the sewage of three or four streets in 
a small town so as to prevenG to a considerable 
extent the fouling of the river into which the 
SGreet drains discharge. 2. At a suitable site 
near the river bed and elevated above it at least 
5 or 6 feet and above ordinary flood level if pos- 
sible, there will be constructed at the end of the 
open sGreet drain, a catch-pit and two or more 
bacterial filters. 3. The sullaga which arrives 
at the end of the open street drain will be turned 
by a weir placed across iG into a catch-pit. This 
catch-pit will usually measure 4 ' X 2’ 6" and the 
pit itself will have its bottom 12" below bottom of 
drain. The pit will be divided into two portions 
by a division wall inches tbiok and 3 feet long. 
4. In the catch-pit the sand and stones brought 
down by the street drain will be deposited and the 
catch-pit will require to have these stones and 
the sand removed therefrom daily. 5. The 
suliage will re-enter an open drain through a 
screen which will catch all floating debris and 
will pass on to the two or more bacterial filters. 
6. The bacterial filters will consist of open excava- 
tions to a depth of 4' 6" below level of bottom of 
drain, which excavations will be filled in with 
broken stone or vitrified brick in sixes ranging from 
4" to the larger size being at the bottom. The 
bottom of excavation will slope towards the centre 
at 1 in 40 and along the centra line will be laid an 
open jointed stoneware pipe. The outlet from the 
bacterial filter will be by a 4-inoh cast iron sluice 
valve built in a valve chamber of 4i inch brick 
walls. In continuation of the valve chamber there 
will be a line of 4-inch stoneware pipes as far as 
the bed of the river. 7. The number and area of 
bacterial filters will depend on the extent of land 
available and on the condition that the total volume 
of stone filling is equal to one and a half times the 
quantity of sewage to be treated during the dry 
weather. The surface of each bed will be formed 
into channels by making slight depressions in the 


filled-in material. 8. Working inatractions : Oatch- 
pit : All deposited material found m the bottom of the 
Catch-pit will be cleared out daily and removed to 
rubbish depot by conservancy cart. The screen wilt 
also be often examined and floating debris removed 
three or four times daily by the man in charge of 
filters. Bacterial filters ; These will be worked In the 
following manner : In the evening at 7 o’clock the 
plank shutter on the drain opposite an empty filter 
will be opened so that the night fl m of soilage, if 
any, will run into filter. In the morning this filter 
will fill up and when it is full the plank shutter will 
be replaced and sullaga turned into next empty filter 
by man-in-charge who will remain daily on the spot. 
The filter which has already been filled will remain 
standing full for at least two hours and at the end 
of this time the 4-iDch sluice valve on the outlet 
pipe will be slowly opened and contents of filter 
discharged into the river bed, which discharging 
should take from 1 to 2 hours. The filter w’hen 
empty will remain so for two hours at least, at the 
end of which time the filter will be ready for 
recharging. From the time taken in the operations 
it will be observed that each filter will be used twice 
daily, and on this basis toe size of filter has been 
fixed. 9. When a filter becomes choked, which 
will occur after, say, a year’s working, the broken 
stone should be removed and washed with river 
water. The washing should take place either at 
the catch-pit or above the drains so that the 
washings can be treated in the working bacteria! 
filter. 10. The installation is a simple and inex- 
pensive one and the working should be satisfactory, 
provided the catch-pit is regularly cleaned and the 
bacterial filters are worked as directed. 


Abstpact Of Quantities For Bacterial Filters : 
Plate 207. 


Quantity. 

Description of work, 

2,876 0. ft. ... 

Earthwork, excavation. 

1,148 „ ... 

Forming banks. 

28 „ ... 

Concrete, in surkhi mortar. 

55 „ ... 

Brickwork in do. 

133 sq. ft.... 

Plastering with cement, thick. 

10 „ ... 

Cuddapah slabs, il" thick, pointed with 
cement, 

2 No. ... 

Plank shatter, 

INo, ... 

Iron grating, 

2 No. ... 

4* sluice valves including erection. 

0‘988 owts. ... 

4" flanged pipes iaoladmg laying and 
jointing. 

76t.ft, ... 

4' stoneware pipes. 

76 „ 

Laying 4' stoneware pipes. 

26 No. ... 

Cement joints. 

891c. ft. ... 

, Stone filling varying from T to 4". 

12 I, ... 

Ontsfeone work. 

79’50r.ft. ... 

12" open drain. 

Add 5 par cent, for breakages for stone- 
ware pipes. 

Total Bs. 
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i Septic Tank And Filter Bed For The 
Purification Of Sewage : Plates 208 And 209. 

In the above plates are illustrated the type 
de-iigos Nos. 164 and 164'A issued with proceedings 
of the Madras Sanitary Board No. 24 S., dated 
9-1*1915. The specification report which accompa- 
nied these designs was as follows : The type design 
is for an installation for the biological treatment of 
5,000 gallons of sewage per day. It embodies the 
m. 3 st approved practice of the present day subject 
to the limitations imposed by the necessity for 
cheapness and simplicity of working in all sanitary 
measures intended for communities and institutions 
in this country. 2. Principles of bacteriological 
purification. Some little knowledge of the biolo- 
gical action which effects the purification of 'sewage 
is useful as it will enable theman-in-ehargeto work 
the septic tank and filters all the more intelligently 
and efficiently. 3. All sewage contains within itself 
the necessary organisms for its own purification. 
Tbese organisms are of two Mods : anaerobic and 
aerobic. The anaerobic bacteria live and multiply 
in sewage in the absence of free oxygen, whereas 
the aerobic bacteria require free oxygen for their 
sustenance and growth. Sewage undergoes two 
changes when it is purified with the aid of these 
organisms. The first part of the process consists 
in the decomposition and liqnafaodon of the solid 
organic matters and their resolution into simple 
forms. The second part of the process consists in 
oxidation and nitrifieatioo. 4. If a quantity of 
sewage is discharged into a shallow pit and left 
undisturbed, that is, if it does not receive an addi- 
tion of fresh sewage every day, it will undergo a 
process of natural purification. The liquid will 
soak into the soil and gradually disappear, and the 
solid organic matter will be broken up, oxidized 
and nitrified, and finally all that will be left of the 
sewage in the pit will be a residue similar to that of 
the humus of the soil. This change is effected by 
bacteria contained in the sewage itself. The 
biological treatment of sewage seeks to effect these 
changes in a cheap, quick and efficient manner. 

5. Component parts of a bacterial installation r Tbe 
elements of a complete bacterial installation, which 
is now recognised as being tbe most efficient, are : 
(1) grit chamber, (2) screening arrangements, 
(3) septic tank and (4) percolating beds. Indian 
sewage contains proportionately more earthy matter, 
and harmless vegetable matter like leaves than the 
sewage of European towns. If these matters are 
not eliminated by a preliminary treatment they 
clog up filter beds and reduce their efficiency, 

6. Capacity of the works : The determination of the 
quantity of sewage to be treated is an important 
point as on the quantity of sewage will depend 
the size of the installation. There are objections 


to making the plant too large, as there are to 
making it too small The existing surface drains are 
storm water carriers with a capacity of 50 to 200 
times the dry weather flow. Tbe only correct 
method of calculating the quantity of sewage to be 
treated is to gauge the flow at outlet, and as much 
as 50 per cent, may be added for increased flow 
during festivals. In preparing plans for an instal- 
lation in connection with any new scheme of drain- 
age the quantity of sewage may be assumed to be 
equal to the water supply, which is usually assumed 
to be 21 gallons per head per diem in towns where 
there is no pioed water supply. 7. Grit chamber 
and screen : In tbe type design the sewage from the 
outfall sewer first enters a small silt-pit. Owing to 
the increased cross sectional area of the silt-pit, the 
velocity of the passage of sewage through it is dimi- 
nished and this induces the deposition of silt for 
which a depression is provided in the pit. As the 
sewage issues out of the pit it passes through a 
slanting screen. In small installations the width of 
the silt chamber should be 2^ times the normal width 
of the drain and the length not less than twice the 
breadth. The screen occupies the full width of the 
chamber, and consists of i " iron bars placed i " 
apart and fixed in angle iron frames. In larger 
installations the rule is to make the chamber large 
enough to reduce the velocity of flow through it 
to not more than 5 feet per minute and its length 
2 or 3 times the breadth as calculated above. 
8. Septic tank : The capacity of septic tanks should 
not be less than 12 hours’ supply or in the present 
case one- half of 5,000 gallons. The most efficient 
depth for septic tanks is 5 or 6 feet. In very 
large installations they are made with an effective 
depth of as much as 9 feet, but this seems to be 
with the object of economising space and not because 
of any better efficiency. Tbe tank should be 2i 
times as long as it is broad. 9. A cardinal principle 
in the construction and working of a filter bed is that 
the sewage should be admitted, and that it should 
travel along a plane 15 to 24 inches below the surface 
of water in tbe tank as it is very essential for the 
satisfactory working of septic tanks that the scum 
which forms on the surface as well as the sludge at 
the bottom should be disturbed as little as possible. 
This is effected in the design by providing bends at 
the inlet and the outlet, the mouth of the bends being 
15 inches below the low water level in the tank. 
10. The septic tank is not covered. It was once 
considered that anaerobic bacteria could only flourish 
in closed tanks, but that idea is now obsolete ; and 
it is now established that they can do their work 
in an open tank as wall as a closed one. 11. The 
floor of the septic tank sbpaa to a valve chamber 
with a fall of 1 in 60. When sludge accumulates in 
the septic tank, it can be removed by coolies and 
discharged into the sludge pit from which the liquid 
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flows back through the overflow drain into the grit 
chamber and the sludge is carted away. Any floe 
silt that remains at the bottom of the tank may be 
discharged into the storage well by scouring 
through the scour pipe, by opening the valve. From 
the storage well sludge will be lifted by buckets 
and spread over shallow pits where the liquid will 
soak into the ground and the residue will be a harm- 
less matter resembling the humus of the soil. 
12. Storage well : In the majority of cases in the 
plains sufficient fall of ground will not be available 
to work a bacterial installation by gravitation. A 
collecting well and some arrangement for lifting the 
liquid becomes necessary in such cases. Some 
lifting arrangement had better be interposed between 
the septic tank and the filter, as it enables the latter 
to be placed wholly above ground, a condition which 
buas many advantages. 13, The storage well has a 
capacity of 2,950 gallons or a little more than half 
the quantity of the sewage to be treated The lifting 
arrangement is a piccottah, which is the simplest 
and cheapest lifting appliance when liquid within 
the limits of its capacity has to be dealt with. 
The bailing process should be regular so as to 
secure an even rate of discharge on the filter. The 
duration of bailing should be as long as possible but 
not less than 12 hours. 14. Percolating filter; 
The percolating filter consists of a concrete plat- 
form raised a little above ground level and sloping 
from its centre to the sides which are surrounded 
by a drain for collecting and carrying away the 
effluent. 15. The filtering medium will consist of 
a heap of broken stone laid over the concreted floor 
and prevented from sliding down at the sides by 
retaining walls of dry rubble. Broken granite 
forms the best filtering material. The stone 
should be broken to pass a ring |" in diameter. 
16. The masonry pillars at the corners and the 
intervening space serve a double purpose. They 
give support to the retaining walls and serve to 
carry the distribution channels. 17. The system 
of distribution consists of a wrought iron rectangular 
trough resting on the masonry pillars along one 
side of the filter withV channels branebing off from 
it. The Y channels are perforated at the bottom 
with one-eighth inch boles. The blind ends of the 
V channels rest on the opposite row of pillars. 
18. Cost ; The estimated cost (at Madras rates) of 
the installation is as fellows : 

Re. 

Silt pit, septic tank, eto. ... ... 600 

Storage and piccottah well ... ... 510 

Percolating filter ... 600 

Rs. 1,700 

Sapervision, 9^ per cent. ... 197 

Contingencies, 6 per cent. ... ... 63 

Total Rs. ... 1,900 


The cost may be taken to vary from Es. 1,900 
to Es. 2,850 according to the locality, 19. Conclu- 
sion: The best method of treating the ordinary 
sewage of town and villages io Southern India 
where the dry scavenging system prevails is sewage 
farming, provided of course that suitable land is 
available. The requirements of suitable land for 
sewage farming are that the soil should be light and 
sandy and that it should be free from liability to he 
flooded. Where these conditions cannot be secured 
the installation of bacterial works is indicated. 
Experiments made at the King Institute, Goindy, 
have proved that filtered sewage has no higher 
value as manure than crude sewage. Owing to 
the, absence of night-soil in the sewage and the 
high temperature of Southern India, nitrification 
takes place rapidly when sewage is spread on the 
ground. The ultimate result of treating sewage 
bacterially is its nitrification. 


Abstract Of Quantities For Septic Tank, 
Filter Bed, Etc., For The Purification Of 
Sewage . Plates 208 And 209. 


Quantity. 

1 

Description of work. 


General Abstract, 

Silt pit, sludge pit, valve chamber and 
septic tank. 

Storage and piccottah well. 

Percolating filter. 

Oontiugencies at 6 per cent. 

Petty supervision at per cent. 

Total Rs. 

Silt pit, sludge pit, valve chamber and 
septic tank. 

2,200 c. ft. ... 

Earthwork, ezeavation. 

410 „ ... 

Oonorete, broken brick in surkhi mortar. 

689 „ ... 

Brickwork in surkhi mortar, 

743 sq.ft. ... 

Cement plastering, I* thick. 

120 „ ... 

Do. 1* do. 

83 Ib. 

Wrought-iron work for grating. 
Regulating shutters including oast iron 
small pipe, pins, etc., to adjust the 
shutters complete. 

611 owt. ... 

6* oast iron pipe, 9 ft. long, with spigot 
and socket end. 

2 64 „ 

6' cast iron special pipe bend. 

4' scour pipe, 9' Jong. 

2'928 „ 

No. 1 

6' oast iron pipe, long. 

„ X ... 

Do. do. do. 

„ 1 

4' sluice valve with rods including fixing, 
etc. 

„ 1 ... 

4' special pipe, 3 feet long. 

» 1 

4" pipe in wall of septic tank, long. 

„ 1 ... 

Do. storage well, 

„ 2 

Puddle collars, 4^ 

n 1 

Percolating shutters at the head of 6' 
overflow drain in sludge pit. 

Laying and Jointing pipes. 

Sundries. 

Total Rs. ... 
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Qaantity* 

Description of work. 


Storage and piccottab wells. 

1,100 0. ft. ... 

Earthwork, excavation. 

260 „ ... 

Concrete, broken stone in surkhi mortar, 

690 ,j 

Brickwork in surkhi mortar. 

SOfq.ft. ... 

Cement plastering, |" thick. 

565 „ ... 

Do. do. 1 " do. 

No. 1 ... 

Piccottah, wood, bamboo, bucket, etc., 
complete. 

60 r. ft. ... 

Old railprsts, clamps, etc,, complete. 
Cast iron pipes, 9' long, 

511 cwfc. ... 

1-464 „ ... 

Oast iron bends in piccottah well. 

No. 1 ... 

Cast iron specials, a' long, 

,5 1 ... 

Oast iron pipes, T-sbape. 

Laying and jointing pipes. 

Sundries. 

Total Es. ... 

Percolating filter. 

650 c, ft. ... 

Earthwork, excavation, 

530 „ 

Concrete, broken stone in surkhi mortar. 

360 „ ... 

Brickwork in surkhi mortar. 

278 eg. ft. ... 

Plastering with cement, thick. 

460 „ ... 

Do. do. thick. 

410 c. ft. ... 

Dry rough stone facing. 

815 „ ... 

Dry stone filling. 

No. 1 ... 

T-iron pipe for percolating filter atD. 

340 lb. ... 

Galvanized plate iron trough for perco- 
lating filter. 

360 „ 

Perforated iron Y channel, 

No. 6 ... 

Wrought iron flanges. 

101 lbs. ... 

Do. seats. 

200 r. ft. ... 

Forming overflow channels. 

110 „ ... 

Do. sub-carrier. 

70 

Do, bund. 

Chamber at the end of effiuent drain. 
Laying and jointing pipes, etc. 

Sundries. 

Total Bs. 


i Pail Depot : Plate 204. 

In the above plafee is illustrated the design for a 
Pail Depot based on design by Mr. W. E. Buchanan, 
Engineer in charge of Water and Drainage Works, 
Simla Municipality, as drawn up by Mr. Hutton, 
Sanitary Engineer, Madras. The specification re- 
port which accompanied this design was as follows: 
General : In order to dispose in as sanitary a 
manner as possible the night-soil in a town which 
possesses an efficient system of pipe sewers it is 
necessary to provide pail depots owing to the fact 
that very few owners of houses in an Indian town 
go the expense of providing flushing latrines or 
other sanitary arrangements in their houses. The 
general idea of a pail depot is that the sweeper will 
collect the night-soil in pails from each bouse and 
will convey them to the pail depot. The pail depot- 
simply consists of a special pattern of water closet 
sufficiently large to deal with the quantities of 
solid mj^tter brought to it by the municipal sweepers. 
In other words, instead of each owner of a house 


providing a water closet in that house the munici- 
pality provides a municipal water closet which is 
capable of dealing with the night-soil with a large 
number of houses. The actual number of houses 
which can he dealt with cannot at present be defi- 
nitely stated as this will greatly depend on the 
custom of the particular town, and the number of 
bouse latrines contained in it. The type of pail 
depot which is described in this specification is 
practically the same as that used at Simla the 
details of which were designed by Mr. Buchanan, 
the Engineer in charge of water supply and drain- 
age works of that municipality. These pail depots 
have been invented by him and found to be efficient 
and they can be recommended for towns in this 
Presidency possessing a pipe water supply and an 
efficient sewerage system. Building : The building 
to contain the pail depot consists simply of a cor- 
rugated iron structure of inside dimensions 10' X 
6'9". The building is constructed of wooden posts 
and corrugated iron walling and two windows 
are provided one to give light to the cast 
iron receptacle and the other to give light to the 
inspection chamber of the syphon trap. The out- 
side of the building can be painted chocolate colour 
in the plains and emerald green at Ootaeamund the 
same colour as the existing ventilating shafts. 
Basement : The basement of building is built of 
brick in cbucam, the cast iron receptacle and syphon 
trap being embedded in concrete as shown in the 
plan. The floor of the building slopes to a central 
point provided with a grating in connection with 
the inspection chamber. The floor itself is made 
of Ouddapah slabs with joints neatly made and 
pointed to the full depth of the slab. Super- 
structure : Around the plinth of the building as 
shown in the plan there is a masonry wall, 6" in 
height, plastered with cement. The object of this 
wall is to prevent spill water from overflowing on 
to the ground from the building when the floor is 
being washed by the canvas hose in connection 
with one of the flushing tanks. Above the masonry 
wall there will be a strip of expanded metal around 
the building to serve as an inlet ventilator to the 
building. The outlet ventilation will be provided 
by the provision of expanded metal in the gables of 
the building. The whole of the gables will be filled 
in with expanded metal as it is essential that the 
building should be well ventilated. Eeceptaele of 
night-soil : The arrangement for the disposal of the 
night-soil consists of a cast iron receptacle 2’ in 
diameter the bottom of which is curved and reduced 
in size to 6" in diameter. The section of this 
receptacle is shown in the plan. In the position 
shown there will be an expanded metal screen resting 
on 4 legs cast in one piece with the receptacle. This 
expanded metal screen will be kept in place by 
4 clips fastened to the receptacle by studs with the 
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object of preventing the sweepers frona removing 
the screen. The screen mentioned is made of expand- 
ed metal, the spaces of the expanded metal being 
about 2" by T'. If the screen were not provided and 
pails of night-soil were dumped into the receptacle 
the sewer would get choked. The object of the screen 
is to retain the night-soil when it is dumped in from 
the pails and by means of a 2i" canvas hose, the 
sweeper in attendance is enabled to wash the night- 
soil through the ground down the receptacle and so 
down the sewer. In other words, the night-soil is 
liquefied sufficiently to obviate any blockage either 
in the receptacle, in the syphon trap or in the sewer 
connecting with the municipal main drain. The 
cast iron receptacle has been specially designed by 
Mr, Buchanan, the Engineer of the Simla Water ^ 
Supply and Drainage Works, and it is made by the 
Yulcan Iron Company of Calcutta who alone pos- 
sess the patent. The cast iron receptacle should 
therefore be obtained from this firm who possess 
alL the rights of the design. Blushing : Outside 
the building two 100 gallon tanks are provided at 
an elevation of 8' above ground. One of these 
tanks is intended for supplying through a quick 
action lever sluice valve a two inch pipe connection 
to the end of it. A short length of 2Y canvas hose 
is attached to the end of tbe two inch iron pipe with 
the object of flushing the east iron receptacle. The 
other tank is an automatic tank provided with a 
4" outlet pipe and is intended to automatically flush 
out tbe cast iron receptacle and also the 6'' sewer 
leading from it, without requiring the attendant to 
open valve in order to turn on the flush. The 
supply of this tank from the service main can be 
regulated bo give the requisite number of flushes as 
determined by actual working conditions. Pails : 
The pails used at Simla are galvanized iron 
drums about 10 or 12 inches in diameter and 18 
inches high similar to paint or oil drums. Two 
handles are provided on the side of the drum 
and a lid with a handle for removal, The actual 
size of the pails which will be used at Ootacamund 
will be determined by trial. The pails will be 
washed by the hose in the depot. One attendant 
will be required to be in attendance at each depot 
when the depot is being used. Probably one of 
•the municipal sweeper staff will be employed. 
.Conclusion : The provision of these pail depots or 
dumping pits is a sanitary measure of great import- 
ance. They permit of the abolishing of the night- 
soil carts which are not only sanitarily objectionable 
but are also expensive in use. 


Abstract Of Qiantities For A Fail Depot : 
Plate 20i 


Quantity, 

Description of work. i 

146 c. ft. ...1 Earthwork, excavation. 

98 ,, Concrete, broken vitrified brick in 

1 

chunam, 

1 101c. ft. .. 

Brickwork in chunam. ' 

1 108 sq. ft. ... 

Piasteriog with cement, thick, (1:3},* 

1 63 „ ... 

Flooring with Caddapah slats over 

1' concrete and pointed with cement , 
to full depth of the slab, ■' 

36-80 c. ft. ... 

Oountry wood, wrought and put up. j 

352 sq.ft. ... 

Bocfing and walling with corrugated i 
iron sheet (20 B.W.G.) including ridg- 1 
ing, etc., complete, without reepers. ' 

2 No. ... 

Wooden finials, complete. ; 

23 sq. ft. ... 

Door with corrugated iron sheet includ- i 
ing teak frames, etc,, complete. ' 

18 „ ...| 

Windows, glased, with teak frames, etc,, ; 
complete. ! 

47 „ ... 

Expanded metal screen with teak bead- j 
ing, fixing, etc., complete. j 

17 No. ...{ 

Stone slabs. ! 

Sum ...[ 

i 

Tank stage with 1^"X 1^' angle iron | 

post bearers, ties, erection, i 

etc., complete. j 

Sum 

100 gallons tank with ball valve, quick j 
action lever sluice valve 2 inches, 2" i 
wrought iron tubing up to cast iron 
receptacle including SI-* canvas hose, 
fixing, etc,, complete. 

Sum 

100 gallons automatic flushing tank 
with ball valve, cast iron piping up 
to cast iron receptacle including fixing, 
etc., complete. 

Sum 

Wrought iron service pipe for two tanks 
including laying, jointing, etc., com- 
plete. 

1 No. ... 

Cast iron receptacle with expanded metal 
grating, fixing, etc., complete. 

1 No. ... 

6" stoneware syphon trap including 
fixing. 

1 No. ... 

stoneware branch. 

1 No. ... 

G-'Xi' do. do. 

3 No. ... 

6* plain pipe. 

2 No. ... 

4* plain pipe. 

2 No. ... 

Stoneware | bend. 

1 No. ... 

Manhole cover, clear opening, 18* X 18* 
No. 300, page 115 of Messrs. Ham 
Baker & Co.’s catalogue dated January 
1905 including fixing, etc., complete. 

1 No. ... 

Cast iron cleaning eye with cover includ- 
ing fixing. 

1 No. ... 

Cast iron grating including fixing, 

1 No. ... 

Sewer ventilating shaft i" diameter; 
oast iron ground base, 2 feet deep with 
welded tube including coronet and 
copper wire cage as per No. 498, page 
174 of Messrs. Ham Baker & Co.’s 
catalogue, dated January 1905 ; height 
out of ground is 20 feet, 

Sum 

Fixing shaft in concrete bed, stoneware 
pipes, J band, including laying, joint- 
ing and excavation complete. 

942 sq.ft. ... 

. Painting, 2 coats with chocolate and 
emerald green. 

Establishment charges. 

Unforeseen works. 

Total Es, 


29 
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Sewage Farms. 

Affier the sewage is rested in a septic tank, the 
sewage is usually treated on land in what are called 
sewage farms. A sewage farm then is the plot of 
land in which the necessary water for cultiYation 
is sewage. Irrigation of sewage farms is divided 
into three classes, 1. catch water system, see fig. 8, 
plate 221. 2. intermittent filtration, ridge and 
furrow system, see fig. 9, plate 221 and 3. broad 
irrigation, ridge and furrow system, see fig. 10, 
plate 221. In broad irrigation, the sewage is 
distributed so as to flow gently over ample surfaces 
of land, sufficient for its absorption and purifica- 
tion. In intermittent filtration, the sewage is 
discharged at intervals in large volumes, ovtjr 
specially prepared levelled surfaces of land through 
which the sewage filters, the filtrate in such 
cases is treated by being carried away through 
a porous soil or by a system of sub-soil drainage. 
In this system of sewage irrigation, the sewage 
farm land cannot be used for irrigation continu- 
ously and must have periods of rest. As a rule, 
provision of sub-soil pipes for the conveyance 
of extra sewage should be provided ; however, if 
the soil of the sewage farm is a porous one, sub- 
soil drains are not necessary. In the case of broad 
irrigation, the object of sub-soil drains is to prevent 
the area being water-logged. In the case of inter- 
mittent filtration, the sub-soil drains are laid with 
the object of collecting and carrying off the whole 
of the filtered liquid. A sub-soil drain consists of 
small pipes laid usually at intervals of 33 feet and 
jointed together loose or wedge jointed. Tbe sewage 
after standing at rest on the plot of land is found 
to have wetted the area required and there is a 
certain amount of excess not required for the farm 
which is drained by the sub-soil drains. The 
object of a sewage farm is purification of sewage. 
A soil in which the best crops are obtained under 
irrigation and the income from the sale of which is 
encouraging is not to be supposed as the best soil 
for sewage purification purposes. So, the selec- 
tion of a site for a sewage farm should depend on 
the character of the soil as regards its purifying 
effects. In the order of suitability of the soils for 
sewage purification purposes, soils may be classi- 
fied thus : The best soil is a sandy loam, that is 
earth with a mixture of sand. Peaty soils, that is 
earth in which there is not so much of sand, have 
been tried and found to give good results. Pure 
sand is not considered suitable for sewage farming 
but sometimes sewage farms have been laid out on 
such soils. The worst soil for sewage farming is stiff 
clay and this should never be employed for sewage 
treatment. There is no use of attempting to treat 
sewage in a land where the sub-soil water level is 
high ; but, in some oases, if we are compelled to 


adopt such land, permanently lower the sub-soil 
level so that the sewage let on sewage area is effect- 
ively purified. Area of land required for treatment *. 
For conditions of England, the area required for 
sewage farming is fixed as follows : One acre for 
100 of the population, which is based on the pre- 
sumption that the quantity of sewage used is 40 
gallons per head per day or in other words the 
proportion of area for sewage farming is taken to 
be one acre for 4,000 gallons. This provision is 
probably necessary for the climatic conditions of 
England. For Indian conditions, where the 
temperature is usually high, a provision of 10,000 
gallons per acre is usually made. This provision is 
only where the sewage does not undergo any prior 
treatment; if the sewage passes through purify- 
ing beds, the usual provision is 30,000 gallons per 
acre. 25% of the area required is added for the 
area of the sewage farm for recuperative purposes. 
Laying a sewage farm; Divide the area selected 
for sewage farming into plots of land. As a rule, 
sewage farms are laid exactly at jq of an acre 
or 66' X 66'; where sub-soil drains are necessary they 
are laid at intervals of 33 feet. The area of a plot 
of ground, viz,, ^ sq. ft. is the neb area exclusive 
of bunds and channels. The selection of a site for 
a sewage farm depends on the following considera- 
tions ; 1. The highest point in the sewage farm 
should be low enough for the sewage to flow to it 
by channels laid with a suitable grade. 2. The 
lowest point in the sewage farm should be high 
enough to permit of the flow of sewage after reach- 
ing the lowest point to be discharged into a water 
course through sub-soil drains. This second condi- 
tion necessitates the existence of a water course 
bordering tbe sewage farming site into which may be 
diverted the excess flow of sewage nob required for 
farming purposes and the effluent from sub-soil 
drains. 3. If a water course does not exist on the 
borders of the sewage farm, then provision should be 
made for a channel to convey the surplus effluent 
from sub-soil drains to the nearest water course. 
4, The farm and its sub-soil drains should be above 
the level of ordinary floods. 5. The soil should be 
suitable. 6. The surface should be gently sloping 
with broad even features and free from depressions 
where the sewage is ilkely to pool. 7. The farm 
shall not be on tbe windward side, usually for the 
Presidency of Madras a site north-west of town is 
generally suitable. 8. It should be neither too far 
nor too near the town. 9. There should be sufficient 
area for the treatment of the sewage. An artificial 
method to make unsuitable soils fib for sewage farm- 
ing is to throw the rubbish of a town for a number of 
years at least to a height of 1' 6". The outcrop from 
an area so treated has produced excellent results, ie., 
Rs. 360 per acre. The average net income from 
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sewage farms is Es.200 per acre in tbe eifey of Madras, 
Indian sewage is more difficuili to be treated than 
sewage in England as people here use oven ashes for 
the washing of vessels, and Hindus use cowdung 
for the washing of floors ; old rags and vegetable 
matter are thrown indiscriminately into drains and 
sewers. Further, as land for the requirement to 
treat the sewage in the corporations of the West is 
either scarce or unsuitable, methods of treatment 
other than the one on land are usually resorted to 
in Western countries. In most eases, suitable 
land with area necessary for the requirements of a 
farm is obtainable in India and therefore the 
only provision necessary for Indian conditions is 
apparently a sewage farm on which will be treated 
the sewage in its crude or raw state or the sewage 


after treatment in septic tank. The provision of 
septic tanks should necessarily be made in cases 
where the sewage includes also the excreta of the 
population. In cases where land is not available, 
filter beds or contact beds are used. Proper crops to 
be grown on sewage farms : hariali grass* potatoes, 
sugar-cane and English vegetables in cold climates. 
In some of the small sewage farms, plantains and 
brinjals have been tried but have not been very 
successful, At Ootacamund lucerne and potatoes 
yield a good crop. In the oicy of Madras the 
chief crop is the hariali grass which is a paying 
concern for city conditions. For conditions in 
the plains, sugar-cane is the best crop, as arrange- 
ments can be made for its conversion into jaggery 
and sugar. 



QUESTION 

Gofemment Technical Examinations ; 190®. 

Time: Three hours: Nine questions should be 
answered of which one, at least, must be from each 
section : 1. General : 1. A drain 100 feet long and 
12 inches wide and 18 inches deep is proposed to 
be construoted, with vertical sides and semi-circular 
bottom, as shown in the sketch, fig. 3 in plate 222. 

If the , only materials to be used in the construc- 
tion of the drain are concrete in ohunam, granite 
stone coping, and cement plaster, make an estimate 
of the quantities of (1) excavation, (2) concrete 
in chunam, (3) ^ granite stone, (4) cement 
plastering. 2. A well is 12| feet in diameter to 
outside of the parapet wall and the platform is 
6 feet wide and 9 inches thick. Estimate the 
cubical contents of the concrete platform. 
11. Buildings: 3. Give all the qualities of a good 
brick. What quantity of moisture does a good 
brick absorb ? 4. What is the object of a damp 
proof coarse ? Give a sketch (cross section) show- 
ing the proper position of a damp proof course in 
the wall of a building. State the various materials 
which may be used for a damp proof course and the 
proper thicknesses of the same. 5. What is surkhi ? 
Give the usual proportions of mortar containing it. 
What is the object of screening slaked lime? 
State how you would test sand to be used in making 
ordinary mortar, 6. Give a complete specification 
for a cement plastered concrete floor for a 4-bed 
ward, giving thicknesses and proportions of concrete 
and cement plastering and stating how the floor 
should be laid. III. Water supply : 7. A built- , 
well is 10 feet in diameter and 25 feet deep from 
the parapet to the bottom of the well. The bottom 
10 feet is in a water-bearing stratum. Make a 
typical cross section of one side of the well* showing 
the proper method of construction and explain 
shortly how the well should be constructed. 8, 
Give the formula you would use to find the dis- 
charge of water from a pipe. What is the discharge 
from the 2 inch pipe shown in sketch, fig. 4 in plate 
222, the level of water in the tank remaining the 
same. 9. Describe fully the method of taking a 
sample of water, from a disused well for chemical 
analysis. lY. Drainage : 10. The width or diame- 
ter of a semi-oval drain is 12 inches and the radius 
at the invert is one- eighth diameter. Give a sketch 
showing the dimension necessary for drawing the 
cross section of the drain, Why are drains of above 
section usually recommended to be plastered on the 
inside with cement? State the advantage of a 
semi-oval drain from a sanitary point of view. 11 . 
Describe the method of jointing glazed stoneware 
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pipes used for carrying sullage water. Illustrate 
your answer with a sectional sketch of half a joint. 
What is the object of gasket or spun yarn, and 
what invariably happens if it is left out ? 12. What 
do you understand by the term “self-cleansing 
velocity?” Give the seif 'cleansing velocity re- 
quired for an open masonrv drain, a 4-iQch, 6-inch 
and 12-iQch pipe sewer. How should the junction 
of a 9-inoh open masonry drain with a lo*ineh 
open masonry drain be carried out if the direction 
of flow in the latter is at right angles to that in the 
former ? Illustrate your answer by a sketch. V. 
Disposal of Sewage: 13. What conditions are 
most suitable for starting a sewage farm near a 
small Indian town of 9,000 inhabitants which is 
provided with fairly good open drains ? If the town’s 
supply of water is provided from wells, state appro- 
ximately the minimum area of land required to 
dispose of the sewage effectively by irrigation, the 
nature of the soil being suitable. Au open drain 
carrying sullage water from a’large house, built on 
stiff loam and having the benefit of a piped water 
supply, ends in a small open cesspool, which on 
overflowing causes a nuisance. It is impossible to 
extend the drain except at prohibitive cost. Explain 
fully the arrangement you would propose to effectu- 
ally purify the sewage and remove the nuisance. 

Government Technical Examinations : 
November 1905. 

“ Time : Three hours : Bight questions should be 
answered, of which one at least must be from each 
section : I. General : 1. Draw the cross section and 
plan of a cesspool, suitable for an ordinary house, 
to a scale of 1 inch to the foot. What additional 
requirements would you propose for a cesspool for 
an institution ? 2, Estimate the quantities required 
for the cesspool you are asked to draw in question 
1, 3. The following extract from a level book 
shows the readings taken for a proposed masonry 
drain in a street. Complete the book and state the 
fall available for the proposed drain. 


1 
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1 
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Rise. 

1 

Reduced 

level. 

Distance 
in ieet. 
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5*21 

4*89 

i 

i 

6'38 
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7*04 
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m 
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lOO'OO 

0 
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B.M. 
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drain, 

End of drain. 
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II. Buildings : 4. State wbat parts of a brick-in- 
mud building are built in brick in chuoam, and why 
it is adnsable to use brick in chunam in those 
parts. 5. State what thicknesses of walls up to 
27 inches can be built with ordinary bricks, and 
give a sketch of two courses of bricks in a 9-inch 
wall. 6. Sketch showing the wall plate, a coupled 
rafter for a span of 9 feet and also for a span of 
13 feet. What is used instead of coupled rafters 
when the span is 16 feet or more ? 7. What pre- 
cautions would you adopt in designing a building in 
order to ensure the best possible ventilation 7 What 
is the object of foundations, and how do you 
ascertain their proper depth ? III. Water supply : 
8. State how you would test and import the yield 
of water from a well What iq the head of inflow 
and what is its limiting amount in sandy soil and 
rock? 9. Give a cross sectional sketch of an ordi- 
nary hand-lift pump suitable for pumoing water 
from a well and describe its action. Wbat is the 
theoretical and practical heights the pumo barrel 
can be placed above the water level? 10. In 
what soils would you propose to construct a sunk 
well ? Describe the method of constructing such a 
well. IV. Drainage : 11. A street drain is 9 inches 
wide and 12 inches deep and has a fall of 1 in 300. 
Supposing the bottom semi-circular and the sides 
vertical, what is the discharge of the drain when 
it is running full ? 12. W’’hat provision would you 
make for the discharge of rainfall by open street 
drains on (1) the east and (2) west coast of this 
country ? Would it be necessary to consider also 
the quantity of sewage? Y, Disposal of sewage; 
13. Mention the different methods of sewage dis- 
posal and state which you think is most suitable 
for Indian towns. Make a sketch plan of a small 
sewage farm. 14. Sketch and describe a make-shift 
method for disposal of small quantities of sewage, 
land not being easily available. 

Gofernment Technical Examinations : 
Nov'ember, 1906. 

Time: Three hours: Seven questions only 
should be answered. 1. Make a sketch to any suit- 
able scale of the cross section of a roofed masonry 
cistern, inside bottom width 10 feet, suitable for 
storing drinking water to a maximum depth of 
4 feet 6 inches- 2. Suppose the cistern in question 1 
is 20 feet in length inside at bottom, estimate the 
quantities of the cistern omitting roof. 3. The 
following is a statement of levels taken for a street 
where it is proposed to lay a pipe sewer 6 inches in 
diameter and at a gradient of 1 in 60 : 
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joiBS 9 inch sewer; 


If the depth of sewer below ground at the begin- 
ning is 3 feet 6 inches, what is the depth of sewer 
at its junction with the O-inch main sewer ? Show 
all calculations and complete the statement of levels, 
4. Sketch a king post truss, suitable for a span of 
25 feet. Show usual dimensions. 5. Describe in 
detail how a floor for a one-storied public building 
should be constructed. 6. Wbat is the discharge 
of a4-mch pipe, 1,090 feet long, supposing there is a 
constant cistern water level of 10 feet over the inlet 
of the pipe and the ground in which the pipe is laid 
falls at the rate of 1 in 500 away from the cistern ? 
7. Show by a diagram what you understand by the 
terms quarter, one-eighth, and one-sixteeath bends 
when referring to pipes. 8. Draw to any suitable 
scale a 9-inch oval surface drain suitable for carry- 
ing sullage water. 9. Mika sketches and describe 
the latrine which you consider best for mufassal 
towns and mention all practical defects of the 
type selected^ 

Government Technical Examinations : 1907. 

Time: Three hours: 1. Draw (any scale) the 
elevation of king post truss for a span of 20 feet. 
2. Estimate the work above. 3. Sketch the position 
of damp proof course in the walls of hospitals and 
state the materials used. 4. What are the different 
kinds of roofs used in this country? 5. What is 
the usual proportion of surkhi mortar and state 
how it can be locally determined. 6. Find the 
discharge of a street drain of 12" the bottom of 
which is semi-circular, sides vertical, fall 1 in 500, 
depth of water 9" ? 7. What are the different 
methods adopted in India for purifying sewage ? 

Government Technical Examinations: 
June, 1908. 

Time : Three hours : Seven questions only should 
be answered, 1. Draw to a scale of 4 feet to an 
inch the plan and section of a well fulfilling the 
following conditions: Sub-soil: sandy. Summer 
water level: 9 feet below ground. Depth of well: 
14 feet below ground. Diameter of well : 6 feet. 
Thickness of brickwork in steining ; Ij feet. Plat- 
form : 4i feet wide and of suitable design. Parapt 
wail 9 inches thick and suitable height. 2. Estimate 
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the quantities for the following items of work in the 
above well : (a) Brickwork in steining, ih) Brick- 
work in parapet wall (c) Plastering exposed 
surface of platform. 3. Describe the method of 
measuring a chain line, which is obstructed by a 
building, both ends of the line fig. 5, plate 
222 being accessible. 4. Write a full specification 
for plastering a new cesspool with Portland 
cement, giving the proportions of ingredients in 
mortar, the thickness of plaster, the method of 
applying it, and the precautions and measures 
necessary for sound work. 5. Describe fully the 
method of making an ordinary terraced roof. 

6. Sketch the ground plan of a three-bod ward for 
general diseases showing position and size of beds, 
windows and doors. What is the requisite mini- 
mum (a) height of a ward, ib) cubic capacity of 
space per bed for general diseases, and (c) cubic 
capacity of space per bed for infectious diseases. 

7. Bind the discharge in cubic feet per minute from a 
triangular-shaped drain 1 foot 6 inches wide and 9 
inches deep (as in sketch fig. 6, plate 222) with a 
fall of 1 in 440 on the supposition that the drain is 
running two-thirds full, 8. Make a sketch of a 
syphon flushing cistern and describe its action. 

GoYernment Technical Examinations : 
June, 1909, 

Time : Three hours : Seven questions only should 
be answered: 1, Describe, showing on a sketch the 
survey lines, how you would proceed to make a 
chain survey and measure the area of the water- 
spread of a small irregular shaped tank. 2. Draw 
to a scale of 4 feet to one inch the cross section of 
a masonry reservoir, inside dimensions 10 feet wide 
and 5 feet deep and roof of Mangalore tiles, suitable 
for storing drinking water in a town. The bottom 
of reservoir inside to be one foot above ground level. 

3. If the reservoir in question 2 is 20 feet long 
inside, estimate the quantities of brickwork and 
concrete required in the construction. 4. How 
would you test and report the inflow of water into 
a well ? 5. Describe tuba well and l;ow it is used. 
6. How is the size of an open drain in a street 
determined ? 7. What is the discharging capacity 
.of a surface drain 2 feet bottom width, side slopes 
1 to 1, fall 10 feet per mile when there is one foot 
of rainwater in it ? 8. What is the object of a septic 
tank? Describe a suitable design for one with 
sketches. 

GoYcrnment Technical Examinations: 1910. 

Time : Three hours : 1. ;Draw (to any suitable 
scale) the vertical section of a sunk well, 8 feet 
in .diameter, depth of well 18 feet, depth of 
summer water level 12 feet. 2. In previous ques- 
tion, estimate the cost of platform at the follow- 
ing rate: concrete in chunam Rs. 12 per 100 


cubic feet : cement plastering Es., 12 per 100 square 
feet. 3. Describe the various parts of a proper sunk 
well and explain why they should be provided. 

4. Draw to any suitable scale the cross section of 12 
iuches oval drain. Estimate the discharging capa- 
city of 12 inches drain with 18inches vertical sides 
and circular bottom, where drain is full and the 
gradient is lin 500. 5. Draw to any suitable scale 
the cross section of sand filter, to show the filter- 
ing materials and water and describe the action of 
filter and how ib should be worked in practice. 

5. Draw the various types of valves used in water 
supply system. 7. Mention the object of sewage 
farm in connection with the drainage of a town. 
Mention the requirements of a suitable farm. 

8. With what object is the septic tank sometimes 
furnished ? What is the usual size of the septic 
tank with reference to the quantity of town sewage 

GoYernment Technical Examinations; 
June, 1911. 

Time: Three hours : 1. The reduced levels of 
the side of a street 1,000 feet long are found to be as 
follows : At O', 43*25; at 300', 41*65; at 550', 40*19; 
at 800', 39*39; at 1,000', 38*85. What is the gradi- 
ent of each section assuming a drain is constructed 
in each of tJie four sections of the street ? 2. A small 
Mangalore tiled and gabled roofed godown 
measures 12' X 8' inside. Estimate the ‘quantity 
of teak timber required to roof it. Omit reapers. 

3. What is the necessity for digging foundations ? 
Explain how the depth required is determined and 
what results from insufficient or faulty foundations. 

4. Give the area and cubic capacity required for an 
eight-bad ordinary ward and for a four-bed conta- 
gious ward. Why are these dimensions adopted ? 

5. State the precautions taken to prevent the. in- 
gress of polluted surface water into drinking water 
wells. 6. What is the discharge in gallons per 
minute of a channel 3 feet wide and 1 foot deep 
when running full ? 7, Referring to question 1, it is 
proposed to lay a pipe sewer in the street mentioned. 
Eor the first 300 feet the sewer will be 6 inches in 
diameter and thereafter 9 inches. Give proper 
gradients for the 6-inch and the 9-inch sewers and 
the depths of inverts of both sizes of sewers at the 
beginning and end of each. 8, Show by sketches 
how you would exclude sub-soil water from an 
under-ground cellar or godown, 9. How should 
sub-soil drains be laid and what 'is the object of lay- 
ing this type of drain ? 10. How would you dispose 
of the sewage of an isolated street, 500 feet in length 
so that the effluent might pass into a small river, 
adjoining the street, without causing a nuisance ? 

GoYemment Technical Examinations ; 
June 1912. 

Time : Three hours : One question in each section 
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at) least) to be answered. I. General : 1. Tbe main 
street of a town, three miles long, has the following 
falls at every change of inclination : A fall of 2 feet 
in the first half mile. A fall of 3 feet in the second hall 
mile. A fall of 4 feet in the next mile, A fall of 6 feet 
in the last mile. What are the various gradi- 
ents of the street ? 2. The section of a cutting for 
a roadway 20 feet wide, side slopes 1 to i is as in 
fig. 7, plate 222. Estimate the quantity of earth 
to be excavated. 11. Buildings: 3. How would 
you select a site for a residence ? 4. What are the 
qualities of a good brick for sanitary works ? What 
are tbe dimensions of a standard brick, and those 
of a Madras country brick? 5. What allowance 
per cubic space would you make per adult for (1) a 
residence, (2) a hospital ? III. Water supply : 
6. Give a dimensioned sketch you would recommend 
for (1) a draw-well, 10 feet diameter and 30 feet 
deep, (2) for a similar well provided with a pump 
and iron tank. 7. What is the chemical standard for 
a good drinking-water? 8. What is the practical 
limiting height of the suction pipe of a pump? 
IV. Drainage : 9. Up to what limit of size of sewer 
would you use glazed stoneware pipes ? 10. Give a 
general specification for a 6" glazed stoneware pipe 
sewer, including instructions for laying, jointing and 
testing the same. 11. What do you understand by 
self-cleansing velocity in a sewer? What velocity 
would you consider necessary for a 9" pipe sewer 
running half full ? What approximate gradient will 
give this velocity ? V. General sanitation : 12. 
How would you dispose of the night-soil of a small 
town ? Give full details, there being no system of 
drainage, or piped water supply. 13. How would 
you dispose of the refuse and sweepings of a 
town ? Describe the process iu detail from collection 
to final disposal. 

The Medical College, Madras: June 1912 . 

Time : Three hours : 1. Give the recipe and 
specification for superior whitewash. 2. Draw a 
section, scale 1" = 10", of an open masonry drain 
with top width of 12", as you would recommend 
for a sullaga drain and discuss fully the merits of 
the section, of drain' you propose. 3. What do 
you consider are (a) the essential points of healthy 
construction in dwellings, and (b) the principal 
sources of unhealthiness in dwellings ? 4. State 
how you would examine a well as to its suitability 
for a drinking wa^er supply both as regards 
quantity and quality. 5. What are the different 
methods of purification of water for a town water 
supply ? Discuss briefly the merits and demerits of 
(1) Sand filters, (2) Jewell filters, (3) Bell^ filters, 
and (4) Gandy filters. 6. What will be the discharge 
in gallons per minute when flowing full of (a) a 
masonry conduit, 2^ inside diameter laid with a fall 
of 1/1320, (h) a cast iron pipe 6" inside diameter with 


a gradient of J 660, and ^c) a stoneware pipe sewer 
12'' in ciameter laid with a slope of 1/264.? 7. Woafc 
do you understand by a “ self-cleansing velocity 
For jewfis 4" 6", and 9" what is tbe minimiim 
velocity you would provide and wliat is the grade 
required to cb‘ain it in each case ? 6. Explain tbe 
raticuaie of biolcglca! purification of sewage. 
9. What are the conditions generally aimed at in ifia 
final effluent of sewage after treatment as compared 
with crude sewage ? 10. Describe the disposal works 
you would propose as component parts of an open 
drainage scheme for an Indian village provided with 
a protected water supply. 

GoYemment Technical Examinations: June 1913. 

Time : Three hours : Only eight questions should 
be answered of which one at least must be from each 
section. 1. General : 1. W^at is tbe usual size 
of drawing paper that you would adopt for draw- 
ing plans, and what is the smallest dimension of 
detail that can be shown on a plan the scale of 
which is 1/300? 2. What are level sections and 
what do you understand by the term “ Natural 
Scale” when applied to such sections? In what 
circumstances would a natural scale not be adopted ? 
3. Estimate tbe quantity of earth that will require 
to be excavated from a trench to be dug for laying 
a G-inch sewer in a level road 600 feet long when 
the depth of the trench at tbe upper end is 3 feet 
and the gradient of the sewer is i in 90. 11. Build- 
ings : 4. What is the object of a damp proof 
course in a building ? In what circumstances is it 
required and in such cases what bad effects result 
from its omission ? 5. Write down a specification 
for surkhi mortar and for surkhi concrete. 6. What 
is a couple roof ? For what spans is it suitable and 
what difference is made in its construction when 
it is used for larger spans? III. W^ater Supply: 
7. A deep well, 60 feet deep and 12 feet in diameter 
contains 6 feet of water in summer and 21 feet in 
tbe monsoon season and is provided with pulley 
and bucket arrangement. Show by a dimensioned 
sketch drawn to a suitable scale how such a well 
could be provided with a pump and a reservoir with 
taps from which the people could draw water in- 
stead of using their own ropes and buckets as at 
present. 8. What is the advantage of the arrange- 
ment you propose and what objections can be raised 
to its adoption ? 9. Tbe analysis of the water in an 
old well shows that during the monsoon the water 
is contaminated whereas during the summer season 
the quality of the water was reported to be fairly 
good. What precautions are taken to avoid as much 
as possible the deterioration of the quality of the 
water in a well during tbe monsoon months and at 
other times and in what respects do old wells re- 
quire constructional improvement in order to render 
them sanitarily efficient ? IV, Drainage ; 10, A 
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6-incb pipe sewer is required in a branch streeii. 
State whatibems should be included, in the estimate 
for this pipe sewer and bnefly state the necessity 
for the items provided. 11. What happens when 
(1) a pipe sewer and (2) an open drain are construct- 
ed with insufficient fall and what means can be 
taken to obtain from such faulty construction as 
good working conditions as circumstances permit? 
Y. Disposal of sewage : 12. The sullage discharg- 
ed from a large open village drain stagnates in a 
pool at the outfall of the drain adjoining paddy 
fields the soil of which is stiff loam. How could 
the sullage be disposed of, in a sanitary manner, 
so as to stop the nuisance caused by the stagnation 
at present and what measure would you recommend 
within the financial resources of the District Board? 
13. An isolated house of some importance in a 
village is unprovided with drainage arrangements 
beyond the pial of the house. Describe how sanitary 
arrangements for disposal of sullage could be made 
and the precautions necessary when executing such 
arrangements. 

The Medical College, Madras: June 1913. 

Time : Three hours ; 1. Draw to a scale of 1 
inch equals i feet the plan and section of a well 
fulfilling the following conditions : Subsoil : sandy. 
Summer water level: • 9 feet below ground. Dia- 
meter of well : 8 feet. Thickness of steining : 18 
inches. Platform, gravel and clay backing, collect- 
ing drain and leading off drain, depth of well, etc., 
should be suitable. Parapet : 7 feet above ground. 
Pumps : two 1" semi-rotary pumps should be fixed. 
11. What rules would you recommend to main- 
tain a well in proper working order and condition ? 
HI. Write out a specification for whitewashing 
old walls of residential quarters in a general 
hospital lY. What sanitary conditions would 
you have in view in selecting a suitable site for a 
new colony ? Y. In a town with a population of 
25,000, there are three sites proposed for a night- 
soil depot the particulars of which are as follow : 
Site 1 : Soil : black cotton. Area available : 310 
acres. Direction south-east of town. Site 2;' 
Soil : pure sand. Area available : 212 acres. 
Direction : north of town. Site 3 : Soil : sandy 
loam. Area available : 196 acres. Direction : 
north-west of town, (a) Which of the three sites 
would you recommend and why ? (&) Illustrate 
by a dimensioned sketch the locations of the tren- 
ches, roads, etc., in the site you recommend. 
YI. Arkonam in the North Arcot district had a 
population of 2,427 as per 1871 census, 3,220 as 
per 1881 census, 4,236 as per 1,891 census, 5,313 
as per 1901 census, 6,896 as per 1911 census, 
(o) What is the population you would adopt for a 
water supply scheme for Arkonam ? ib) What is 
the rate of supply jer head per day to satisfy 


minimum sanitary requirements you would adopt ? 
(c) Eor the rate in ib) and population in (a) state 
the discharge in gallons per minute of the gravity 
supply main to a service reservoir of 8 hours’ 
capacity and the discharge of the delivery pipe 
from the reservoir, id) State the sanitary points 
to which your attention would be directed if the 
proposed supply is from an infiltration gallery 
constructed in the bed of a river. YII. What 
points would you bear in mind in selecting a site 
for a village well ? VIII. Describe the different 
systems of drainage usually adopted in this Presi- 
dency. Discuss the merits and demerits of each 
system. IX. State the essential principles on 
which the sizes of sewers in a closed sewerage 
scheme are usually determined ? X. What are 
the objects aimed at in any treatment of sewage 
at disposal works ? What are the requirements of 
the London Local Board in the matter of the 
disposal of sewage ? 

Government Technical Examinations ; 

June 1911 

Time: Three hours: Eight questions to be attempt- 
ed. 1. A well is 8 feet in diameter and 22 feet deep 
from ground level and the steining is li bricks 
thick ; what is the quantity of brickwork in the 
steining ? 2. The ground level of a street at its 
upper end is 269'20 and at its lower end 261*35 and 
the length of the street is 785 feet ; it is proposed 
to lay a pipe sewer in this street, the size of the 
pipe sewer being 6 inches for the first 300 feet and 
for th.e remaining length of the street the pipe sewer 
will be 9 inches in diameter. What will be the 
depth below ground of the invert of the 9 inch sewer 
at its end assuming that the depth of the 6 inch 
pipe sewer invert at the beginning is 3 feet, the 
gradient of the 6 inch sewer is 1 in 100 and of the 
9 inch sewer 1 in 190. 3. Specify three sources 
from which lime is manufactured in the Madras 
Presidency and the manner in which it is used. 
4. Give the market forms of materials for lead 
paints and how the paint is prepared for use from 
these materials. 5. Show by neat sketches the 
outline of the different kinds of frame roofs and 
shortly describe a terrace roof. 6. Draw the cross 
section of a sand filter and explain how such a filter 
is worked. 7, Describe shortly the kinds of pumps 
you are acquainted with, their advantages and dis- 
advantages and the circumstances in which they 
are most useful. 8. What is the object of a well 
platform, a collecting drain and wbat is termed a 
leading off drain and state their usual dimensions? 
9. State how village tanks can be conserved. 
Illustrate your reply by sketches and give your 
opinions of how villagers could damage the means 
taken for conservation of the tanks and the obvious 
remedy tp prevent such damage ? 10. Wh^t are tbe 
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advantages of pips sewers over open drain? '? Ara 
there any disadvantages ? If so, mention them. 
11. What is the best method of disposing of the 
sullage of a large village which is provided with 
several important open drains which all converge 
to a single out-fall? Menticn the requirements of 
the method you consider best. 

The Medical College, Madras ; lugast 1914. 

Time : Three hours ! L Draw the cross section 
and plan of a cesspool suitable for a small dis“ 
pensary to a scale of one inch to one foot. 
Estimate the quantities of work for the cesspool as 
drawn by you. 11. State (a) the rationale of the 
system of disposal of excreta on trenching grounds, 
(5) the conditions favourable for trenching and fc) the 
soils suitable for trenching. HI. What points would 
you bear in mind when selecting a site for a new 
general hospital for a town of 20,000 people? 
lY. The census population of Srungavarappukota 
in the Vizagapatam district was as follows : 

Census Population. 

1871 .. 5,078 

1881 .. 5,329 

1891 .. 5,715 

1901 .. 5,862 

1911 .. 6.385 

In the Srungavarappukota taluk the percentage of 

increase of population was as follows : 

Per cent. 

Between 1901 to 1911 ... 3*5 

Between 1891 to 1901 ... 6‘5 

If you are now proposing a piped water supply 
for this village state ia) the population for which 
the scheme should be designed, (W the quantity of 
water per head per day as a minimum requirement, 
(c) the average and maximum rate of supply per 
minute for the quantity in (5) above and for the 
population in fa) above. V. What are the present 
standards (chemical) of purity for (a) potable water 
and (d) sewage effluents? YI. State the simple and 
ready tests for rough analysis in testing water for 
sewage and lead. YII. State the present-day rules 
of practice in the matter of ‘’house drainage,” 
illustrating your answer with sketches. What is 
the London Local Government Board regulation 
regarding intercepting traps near the sewers? How 
is it proposed to be amended and why ? YIIL What 
are tbertwo principal systems of sewerage ? Discuss 
the merits and demerits of the two syatams. 

Government Technical Examinations : 
Becemher 1914. 

Time : Three hours : Seven questions may ^be 
attempted. 1. Draw a scale 6 inches long of which 
the representative fraction is si (f. 2. A 6- inch branch 
3Q 


sewer 300 feet long, grade 1 '100 ioins a 12-ineh 
main sewer, grade 1, 295. What is the invert level 
of the 12-inch sewer at a d’starica of 500 feot below 
the junction if the reduced l:vel o! invert of G-inch 
sewer at Its beginning is lOOTJi) ? 3. What is the 
possible irflaence of the weather on the various 
building materials in the Madras Presidency and 
what protective remedies are adopted ? L What is 
the area and cubic space required for an ordinary 
ward cf 12 beds and what height of ward is usually 
taken in calculating the cubic capacity ? How ia 
ventilation ensured in the ward ? 5. Draw to a 
suitable scale on your answer paper a cross section 
and a plan showing one seat of a sanitary latrine 
suitable for a mufassa! town and briefly .state the 
essential requirements for its upkeep. 6. A well is 
8 feet in disimeter and contains 10 feet of water 
when unused. It is bailed out completely in the 
dry weather by 9 M., and after bailing is stopped 

the rise of water level is observed as follows: 



j 

12 KOON 

2*50 

9 AM. 

... o| 

12*30 P,M. 

.2*75 

9-30 A.M. 

... *50! 

1 P.M. 

3*00 

10 AM. 

...rooi 

1-30 P.M, 

3*10 

10-30 A.M, 

...1*50; 

2 P.M. 

.315 

11 A.M. 

...2*00i 

9 A.M. 

.4*00 

11-30 AM. 

...2*25 I 

9 A.M. 




Following day ... 

. 4*50 


What quantity of water daily would you consider 
as the approximately safe yield from this well? 
7. What is the discharging capacity of an open drain 
of rectangular section 2' X 2' when flowing full, 
gradient 1 in 528 ? 8. Show by a neat sketch a 
syphon trap and give briefly reasons for its use. 
9. What is generally the best method of disposal of 
sewage in the Madras Presidency and why ? Give 
a cross sectional sketch of a sub-soil drain and state 
when and under wbat conditioos it is required. 

The Medical College, Madras: August 1915. 

Time : Three hours : I. What are the objects aimed 
at in any treatment of sewage ? 11. State the relative 
merits of edntact beds and percolating beds. 
III. For a hospital water supply how many coolies 
will you employ for working a kite motion pump 
when (1) the daily working hours are 8, (2) the 
daily supply required is 28,800 gallons and (3) the 
total lift is 27’5 feet? lY. What important points 
will you bear in mind : (a) in selecting sites for 
wells, (6) in selecting sites for a new colony to 
accommodate 1,000 people,^ (c) in selecting sites for 
the construction of new dispensaries ? V. For an 
Indian town of 20.000 people what quantity of 
water per head per day will be considered as a 
reasonable provision ? Give full details for the rate 
of provision you recommend. YL Discuss the 
merits and demerits of the different patterns of 
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damp proof courses. YII. Whafc are the consfeifiaenfc 
parts of a town in town-planning ? VIII. In town- 
planning what do you consider as " future evils ” 
and what measures will you now adopt to prevent 
them? 

Goferament Technical Examinations: 
December 19 IS. 

Time : Three hours : Not more than seven 
questions should be attempted, Free use of sketches 
may be made to illustrate answers. Sketches need 
not be made to scale ; dimensions should be marked 
in figures ; 1. Describe the principle of overhead 
ventilation of rooms as applicable to this country, 
and state the conditions under which such ventila- 
tion is necessary. Sketch and describe the method 
of overhead ventilation in ia) a tiled roof with 
coupled rafters, ih) a terraced roof. 2. Sketch the 
ground plan of a dispensary suitable for a small 
town or village. Describe the use of the various 
rooms. Describe the water supply arrangement 
suitable for a dispensary of the kind sketched, the 
source of supply being a well in the compound of the 
dispensary. 3. What are the factors which deter- 
mine the size of a surface drain ? A surface drain is 
required to serve an area of one-twentieth of a 
square mile, {a) Calculate the quantity of water 
the drain will have to carry per second under 


rainfall conditions prevailing on the East Coast ; 
(5) Find the velocity in a semi-circular drain 3 feet 
wide when discharging the quantity of water as 
calculated above. 4. Draw to a scale of one foot 
to an inch a cross section of a Cuddapah slab drain 
with right-angled bottom having a top width of 
2 feet, showing the thickness of slabs, concrete 
foundations and cement jointing. 5. Make an 
estimate of : (n) quantities, (5) cost of a drain 300 
feet long, as drawn in answer to question 4, at 
Madras rates. Write a short specification for the 
work. 6. Sketch' the ground plan and cross section 
of a block of two huts suitable for scavengers. 
Describe how the floor should be constructed, and 
give your reasons for the flooring you recommend. 
7. Describe a tube well and the method of sinking 
it. State the conditions of sub-soil and sub-soil 
water in which a tube well is useful. State the 
advantages and disadvantages of a tube well as 
compared with an open well. 8. Describe fully the 
method of laying out a sewage farm, 400 feet square. 
The land slopes towards a ditch on one side. 
9. What is the object of a platform round a well. 
State arguments for and against covering a well in 
daily use. A well in gravelly soil is 30 feet deep 
and it is considered necessary to exclude sub-soil 
water from the top 15 feet of the soil. Describe the 
method of achieving this object. 



APPENDIX A. 

EULBS FOE WOEKING SAND FILTEE BEDS AS ISSUED BY THE 
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Sand For Filters. 

1. The sand used should neither be very fine nor 
very coarse. Bs uniformity co- efficient should be 
somewhere between 2 and 3. The sample proposed 
for use should first be sent to the Sanitary Engi- 
neer to Government for examination and advice as 
to what treatment it should receive before using. 
If ■ it is found necessary to screen the sand the 
Oounoil may request the Sanitary Engineer to 
indent for such screens as he may decide are neces- 
sary for the purpose. 

2. As a rule the topmost layer of sand should 
pass through screens of 10 meshes but be retained 
on 40 meshes to 1 inch lineal, and the sand in 
layer below same is that retained in screens 10 
meshes to 1 inch lineal. 

New Filters : Filling With Water. 

3. After completion of the filters the unfiltered 
water should be run slowly on to the surface of 
sand, through the copper wire gauze inlet screen, 
so as to fill up the filter bed with water. 

4. The rate of filling should not exceed 4 inches 
per hour and care should be taken to avoid scouring 
the surface of the sand by a rush of water from the 
inlet chamber, e.g., if the total depth of the filter 
bed from bottom to top of water level is 8 feet, it 
should take 24 hours to fill the bed. 

5. If the water is observed to be rushing too 
fast on to the sand surface, the inlet valve should 
be regulated so as to reduce the flow and scouring 
of sand thus prevented. 

6. The filter bed should be filled with unfiltered 
water until there is 3 feet water above the surface 
of sand. 

Time Of Rest. 

7. This water should be allowed to stand quies- 
cent in the filter bed for 24 hours or longer if the 
unfiitered water is clear. B may be taken as a 
guide that 24 hours is sufficient for discoloured or 
laterite water and 3 days for water not so dis- 
coloured. 

8. At the end of these times a sufficient thick- 
ness (i inch) of slimy layer will have been deposited 
on the surface of the sand. 

Running Of Filtered Water To Waste 
On Starting. 

9. The scour valve of the filter bed should then 
be slowly opened, so that the decrease of water 


level is not more than 4 inches per hour- The inlet 
valve should be kept open so as to keep up the 
water level as soon as a test has shown that the 
opening of the scour valve is capable of reducing 
'the water level at the rate of 4 inches per hour. 

10. The scour valve should be left open for 
3 days and the water which is filtering through the 
filter bed should be run to waste during this time. 

Starting Of Filter. 

11. At the end of 3 days the scour valve may 
be shut and the filtered water outlet valve opened, 
so that the filtered water can be sent to the service 
reservoir for the use of the town. 

Old Filters: Filtering Head. 

12. In working filters it will be found that the 
difference of level between the unfiitered water 
standing on the filter bed and the filtered water in 
the filtered water-chamber gradually increases by, 
say, half an inch daily from one inch to the limit, 
which is 24 inches. This increase is due to the 
thickening of the slimy layer on the surface of the 
sand. 

Limit Of Head. 

13. As soon as this limit of 24 inches is reached, 
the filter bed inlet valve should be shut and the 
water level allowed to fall in the filter bed until the 
slimy layer is exposed. 

Scouring Of Filter. 

14. The outlet valve should then be shut and 
the scour valve opened and the filter bed emptied 
at the rate of 4 inches per hour. 

Drying Of Bed By Exposure To Sun. 

15. The filter bed should then be allowed to dry 
by exposure to the sun when it will be found that 
the slimy layer will dry in patches and these 
patches will curl up as they get drier. 

Planks. 

16. As soon as the surface of the bed is sufficient- 
ly dry, planks, at least 12 inches wide and I inch 
thick should be laid pn the surface of the sand so 
as to form pathways (as described later on) for 
coolies to stand on. (This work should be done 
only after attending to cleanliness of coolies and 
materials as described in paragraphs 18 and 19 
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below). The planks should be laid in lines 12 feeti 
aparti centre to centre right across the filter bed. 

17. In placing these planks in position and in 
the subsequent scraping of the slimy layer and sand 
surface, on no account whatever should a coolie or 
other person be permitted to place a foot on the 
filter bed surface as such a proceeding will result 
in contamination of the filter bad. 

Coolies To Wash. 

18. Before the coolies are permitted to walk on 
the planks, they should wash themselves with 
filtered water and it will be the duty of the Superin- 
tendent of the water works to see that this require- 
ment is rigidly observed. 

Tools, Etc, To Be Washed. 

19. The planks, rakes, mamoofcies, baskets, and 
ropes used in the operation of cleaning a filter bed 
must also be well washed with filtered water. 

Pathways. 

20. The first plank will be lowered into the 
filter bed by ropes and then a short ladder, which 
has been well washed in filtered water, will be 
placed on this plank, and will lean against the filter 
bed wall. 

21. A coolie or two will then descend the ladder 
and will stand on the first plank and will receive 
other planks which will be placed in lines across 
the filter bed as already described. 

Scraping Of Slimy Layer And Surface Sand. 

22. As soon as the planks are laid in lines, 
coolies, armed with wooden rakes will first scrape 
off the slimy layer and remove it out of the filter 
bed, and then i inch to 1 inch of sand, as the 
Superintendent will decide after inspection, will be 
scraped into long rows alongside the planks. 

Bakes. 

23. The rakes will be made of wood and will 
consist of a handle, 6 feet long and 1 inch in 
diameter and a head made of plank, i inch thick, 
4 inches wide and 18 inches long firmly fastened 
and strutted to the handle. 

Eemoyal Of Scrapings From Filter Bed. 

24. As soon as all the spaces between the planks 
are scraped by the rakes, the scrapings should be 
filled into baskets, using mamooties, and removed 
away from the filter bed site either close to, the 
sand washing box for rewashing or finally disposed 
off on some low ground, 

Eewashing Of Sand, 

ji, 25. In those cases where it is found cheaper to 
rewash the sand removed from filter beds instead 


of using fresh sand, the slimy layer having first 
of all been removed from the filter bed, the i inch 
to 1 inch of silted sand which was underneath the 
slimy layer should be removed to the sand washer 
to be washed and exposed to the sun until it is 
again required for use on the filter beds. 

Exposure To Sun Of Scraped Bed, 

26. The filter bed having been scraped as des- 
cribed should be exposed to the sun for 3 days or 
longer, if possible. 

Starting Filters After Cleaning. 

27. At the end of this time filtered water should 
be admitted to the bed from bottom upwards from 
one of the other filter beds until the water rises to 
6 inches above the surface of sand. The rate of 
admission should be the same as the safe rate of 
filtration for the filter, vk., 4 inches per hour as a 
rule. Then unfiltered water should be admitted 
through the ordinary inlet to the filter until the 
water rises to the full height in filter, when the 
inlet valve should be shut. The water should then 
be allowed to remain undisturbed for a period of 24 
hours at the end of which period the scour valve 
should be slowly opened to let out all the water 
thus allowed to settle until the water level in the 
filter stands six inches over the sand layer. While 
the scour is kept open, care should be taken that the 
slimy layer formed on the top of sand layer is in 
no way disturbed. As this slimy layer is found 
to play an important part in the efficient working 
of sand filters, the process of admitting water into 
the filter, allowing it to settle itself quickly for 24 
hours, then withdrawing by the scour valve without 
disturbing the slimy layer even very slightly, should 
be repeated as often as necessary until the slimy 
layer formed on top of the sand is about i" thick. 
The filter is then ready for working for the town 
supply. 

Periods Between The Scrapings. 

28. A filter bed will require scraping at unequal 
periods of time depending on the turbidity of the 
unfiltered water and the time will be shown when 
the limit of 24 inches head already referred to is 
reached. Some filter beds using muddy water will 
require scraping after three weeks and others^ only 
after three months. 

Eemoyal And Washing Of Filtering Materials. 

29. As soon as analysis shows the necessity for 
removing the sand, broken stone and drains of a 
filter bed for cleaning purposes, this should be done. 
As a rule, every filter should be cleaned au least once 
every two years or oftener, if found necessary. 
When a filter baa been found to clog up fast, that 
is, when the interval between ordinary cleanings is 
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much less than usual, then the filter should be 
thoroughly overhauled and relaid. First the dirty 
water should be run out by the scour valve provided 
for the purpose. Then the sand should be carefully 
removed, as soon as it is dry and thoroughly washed 
in a sand box or other device preferably with 
water under pressure entering the sand box 
from the bottom. The sand thus cleaned should 
be carefully dried and screened with screens 
recommended by the Sanitary Engineer and 
stacked near the filter in different heaps according 
to their grade of coarseness. Any sample picked 
up at random from the heaps, when put into a 
tumbler of water, should impart no sign turbidity to 
the water. 

30. Then the drainage layers should be dealt 
with as follows : Immediately the superimposed 
sand is removed, the drainage layers should be well 
soaked in water. While they are being thus soaked 
they should be turned over by a rake, shovel 
or other contrivance so as to facilitate the removal 
of deposits of any foreign matter with which they 
may have become coated. The drainage layer 
should then be well rinsed in clean water, dried and 
stacked in heaps according to sizes. Any sample 
picked up at random and thrown into a bucket of 


water should impart no sign of turbidity to the 
water. 

31. The walls, floor and under-drains of the 
filter should then be carefully scrubbed, washed, 
lime-washed and exposed to the action of the sun 
for a couple of days and rewashed with clean 
water. 

32. While the filter is thus being treated, 
advantage should be taken to examine and put right 
all the inlet, outlet, scour and overflow valves, 
screens and other appendages. 

33 . Then in relaying the filter, the drainage layer 
and sand shall be laid as in fig. 2, plate 222. 

34. If the materials removed from the filter be 
found insufficient after washing, then new material 
should be procured and treated as if such material 
had been removed in the first instance from the 
filter in a dirty state. 

35. The filter should then be rO' started in strict 
accordance with instructions described under para- 
graph 27 above. 

Rate Of Working. 

36. The rate of working a filter-bed should not 
exceed four inches per hour or 450 gallons per 
square yard per day. 
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NOTE ON THE QUANTITY OF WATER REQUIRED PER HEAD IN 
THE PUBLIC WATER SUPPLIES OF BENGAL AS ISSUED BY 
G. B. WILLIAMS, ESQ., SANITARY ENGINEER, 

BENGAL. 


Introduction. 

Considerable misapprehension appears to exist 
amongst members of Municipal Bodies and other 
persons in this country, concerned with Local Gov- 
ernment, in regard to several important points 
connected with the public water supply of towns. 
Certain fallacies are current as to such matters as 
the quantity of water required per head, the number 
of house connections that can be permitted, and the 
advantages and disadvantages of separate unfiltered 
water supplies, which at times become obstacles in 
the way of the progress of much-needed schemes, 
and lead to mistaken policies being adopted in the 
management of water works after they are complet- 
ed. Moreover, the serious effect of wasting water, 
both on the municipal finances and also on the 
efficiency of the supply is very little appreciated. 

A statement of how much water is really required 
for various purposes in different classes of towns in 
Bengal may remove some of this misunderstanding. 
My object in this note is to supply this information 
and at the same time to explain briefly some of the 
principles on which water works in this country 
should be designed and managed so as to give an 
adequate supply without encouraging wasteful and 
unnecessary extravagance. 

Although the note is primarily intended for 
Bengal, my remarks to some extent apply to towns 
in other parts of India and the East. 

Waste Of Water. 

2. The first point to be constantly borne in mind 
is that in Bengal the economic factor in the problem 
of water supply is the all-important one. In all 
public water supplies there is a certain amount of 
waste. In some European and American towns it 
is prodigious. As the capital cost and working 
expenses of water works are approximately in 
proportion to the daily quantity of water supplied, 
a community which is wasting 50 or 75 per 
cent, of its water supply is paying two or three 
times as much for the water required as it need do. 

Waste of water is an expensive luxury at any 
time, but in the wealthy towns of Europe and 
America the rate-payers are able to pay for many 
municipal luxuries that cannot be afforded in India. 


In Bengal, municipal water supplies on the lines of 
those in European and American cities are, in most 
cases, absolutely out of the question, and the 
waste of water is a proportionately more serious 
matter. There are two ways of paying for water 
consumed (a) by a water-rate levied on the rate- 
payers in the area supplied, and (h) by water sold 
by meter. In Bengal the income from {a) is limited 
by law, and in most of the provincial towns the 
number of consumers who would be prepared to pay 
for any large quantity of water sold in bulk is very 
small. Sven with generous assistance from 
Government, it is only just possible for a certain 
number of the provincial municipalities to 
finance a limited public water supply, and the 
ability to keep down the consumption to a 
reasonably low figure may make the whole 
difference between a supply of -good water suffi- 
cient for the ordinary necessities of life and none 
at all. The all-important question in any town is 
therefore : What is the minimum supply that will 
satisfy the legitimate demands of the inhabitants. 

Domestic Consumption. 

3. The quantity of water actually required for 
purely domestic consumption, that is, for drinking, 
cooking, washing utensils, etc., is small. There 
are towns in Bengal, supplied entirely from street 
standposts, which do not use more than 2 gallons 
per head. In Gaya, where for many months a con- 
stant supply was given under a high pressure 
through street standposts to the whole town, con- 
taining some 80,000 inhabitants, the average daily 
consumption, including leakage from mains and 
standposts, did not exceed 5 gallons per head of the 
population served. 

In comparing this quantity with the consumption 
in other countries, it must be noted that in 
Bengal the lower class people do not generally use 
filtered water for bathing in. They bathe either in 
tanks or in the rivers. In almost every town there 
are numerous places where this can be done. 
Quantity Per Head Is Proportional 
To Population, 

4. Eoughly speaking it maybe said that in 
this country it is generally (although by no means 
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invariably) the case, that within certain limits, the 
larger the town is, the more is the per capita con- 
sumption of water. In a big town there is usually a 
larger proportion of better-class inhabitants living in 
good-sized houses who require house connections, 
and are able to pay for them, than in a small one. 
Small towns have no sewers and frequently few 
masonry drains ; so little water is required for 
flushing. Some of the larger towns in Bengal will 
probably have sewerage systems within the next few 
years, and this will mean a supply of water for con- 
nected latrines, urinals, etc. These are some of the 
causes which affect the tendency of the consumption 
of water per head to increase with the size of the 
town, The relationship between numbers of popu- 
lation and rates of consumption, although subject 
to many exceptions, is sufficiently general to make 
it possible to roughly classify the requirements of 
the towns in accordance with population. 

5. Por this purpose I divide the Bengal towns 
into five categories as follows : 

Class A .'Towns containing less than 10,000 
inhabitants. 

Class B ; Towns coutaining from 10,000 to 

25.000 inhabitants. 

Class C : Towns containing from 25,000 to 

50.000 inhabitants. 

Class D ; Towns containing from 50,000 to 

100.000 inhabitants. 

Class E : Towns containing from 100,000 to 

200.000 inhabitants. 

There are no towns with over 200,000 inhabitants 
in Bengal, except Calcutta, in which the conditions 
differ materially from those in the other towns in 
the Presidency, and in any case a town of 400,000 
or 500,000 inhabitants would probably nob require 
much more water (if any) per head than one of 
200 , 000 . 

Quantity Per Head For Towns Containing 
Less Than 10,000 Inhabitants. 

6. Taking these classes in order, in towns of 
class A, the utmost supply that can usually be 
afforded is one entirely through street standposts. 
No water is used for public purposes at all, and for 
private consumption from 2 to 5 gallons per head 
per day is sufficient, including leakage from stand- 
posts and mains. 

Quantity Per Head For Towns Containing 
From 10,000 To 25,000 Inhabitants. 

7. In towns of class B there are likely to be a 
certain number of better class persons living in fair- 
sized houses. These will naturally wish to have 
private house connections. The vexed question of 
bouse connections is thus introduced. It may be said 
at once that private connections, where they can be 
afforded, are from a sanitary point of view desirable, 


They encourage personal cleanliness and make it 
less probable that polluted water will be used for 
drinking or washing utensils. This is, however, 
only within certain limits. The conditions of life 
in Indian towns must be entirely revolutionised 
before it will be possible to give every house a 
separate connection, as is done in an English town. 
Private connections to the buUee huts, hovels, and 
lowolass houses, which form the majority of 
dwellings in these towns, would be entirely out of 
place, and the inhabitants of this class of houses 
must in the future, as in the past, continue to draw 
their water from the public standposts. 

Apart from this, however, the chief reason 
for limiting the private bouse connections is 
the very great increase in the consumption 
that results from their introduction. Some 
extra consumption is natural and legitimate. Per- 
sons supplied through house connections use the 
water supplied for bathing, for flushing down house 
drains and for other purposes, for which the popu- 
lation served by the street standposts generally do 
not require it. On the other hand, much of the 
wafer, drawn through the private house connections, 
is absolutely wasted. Taps are left 'running all 
day long, baths and vessels are filled at night and 
then emptied without being used in the morning, 
and the supply is abused in every possible way. 
Experience has shown in Bengal that persons 
supplied through an unmetered private house 
connection may in some oases each use as much as 
20 times the quantity used by those who get their 
supply from street standposts. I have no hesitation 
whatever in saying that unmetered house connec- 
tions are luxuries that no Bengal town can afford 
and which should never be permitted. 

Provided there is no serious waste, 20 to 25 gal- 
lons per day is quite sufficient for any person sup- 
plied through a house connection where there are 
no connected water-closets, or dumping sinks, and 
25 to 30 gallons where there are. By metering the 
connections and charging for excess water consum- 
ed, there will be no difficulty in keeping down the 
consumption to these average figures. 

8. In a town of the class I am now considering, 
another question also arises, and that is, the 
quantity of water used for public purposes. A 
town of class B is unlikely to have a sewerage 
system, no water would therefore be used for 
connected latrines, night-soil dilution or sewer- 
flushing. Water is, however, required for drain 
flushing and road watering and for the supply of 
public buildings. 

Eoad watering is a very useful sanitary measure. 
The dust which is blown about Indian towns in 
enormous quantities during the dry weather has an 
injurious effect on the respiratory organs, and 
moreover it is liable to carry polluting matter into 
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food. The quanfciby of water required for road 
watering is not really large. It varies in different 
towns according to the length of roads to be watered, 
their average width and the material of which they 
are made, It is obvious, for example, that Calcutta, 
with its many wide roads, will require more water 
per head of ponulation than Howrah. If the 
road watering is confined to the main streets where 
it is most required, 1 gallon per head per day is 
generally sufficient for watering once a day and 2 
gallons per bead for two daily waterings in a small 
or medium-sized town. Eor larger towns these 
figures become H and 3 gallons per head per day, 
respectively. 

Drain flashing also requires but little water if 
proper flushing tanks are used. The quantity 
required may sometimes be farther reduced by 
feeding the flushing tanks from the waste from the 
street standposts. The quantity required for drain 
flashing should not exceed i gallon per head of 
population per day. 

Supply of public buildings may ha taken at an 
average of another i gallon per head per day. In 
many places it is much less. 

The only other items of consumption in the class 
of towns I am considering are : the leakage from 
mains and standposts, and water used for sand 
washing in the case of a slow sand filter instal- 
lation, and filter washing with mechanical filters. 
The leakage from the mains and standposts depends 
on how they have been laid and are being looked 
after. It should, in water works of this size, not 
exceed | gallon per head per day. Sand washing 
and filter washing will require about J gallon per 
head per day. 

9. To illustrate the foregoing remarks, I will take 
an imaginary town of 20,000 inhabitants. Probably 
one-tenth of the population will be supplied through 
private house connections, and on the foregoing pre- 
mises the total daily consumption of the town will 
be : 

Gallons. 

2.000 persons supplied 
through private house 
connections with 20 gal- 
lons per head par day ... 40,000 

18.000 persons supplied 
through street standposts 
with 5 gallons per head 

per day ... ... 90,000 

Street watering (once a day) 20,000 
Drain flushing ... 5,000 

Supply of public buildings. 5,000 
Leakage ... ... 10,000 

Filter or sand washing ...10,000 

Total ... 180,000 or 9 gallons 
per head. 


10; Hera I may refer to the idea generally 
prevalent that a considerable saving can be effected 
by using unfiltered water for such purposes as drain 
and sewer flushing, latrines and road watering. 
This notion is a fallacy. It is possible that in 
certain circumstances in a large town, the saving in 
the cost of filtration and pumping might financially 
justify the extra cost of a double set of mains and 
pumping stations, but in the ordinary Bengal town 
this would certainly not he the case, and in any 
circumstances the objection to an unfiltered water 
supply from a sanitary point of view and the troubles 
that accompany its use, make it undesirable even 
if it were not (as it would be) in such cases an addi- 
tional expense. Calcutta is one of the few towns in 
the world which possess an unfiltered wa^er 
supply. So far as I know, it is unique in having 
separate house connections for unfiltered water. 

It may, I think be safely assumed that no other 
Bengal towns will follow Calcutta’s example and 
introduce a complete unfiltered water supply system, 
so that any water required for public purposes will 
come from the filtered water supply. 

Quantity Per Head For Towns Containing 
From 25,000 to 50,000 Inhabitants. 

11. I next come to the towns in class 0, which 
are those having between 25,000 and 50,000 inha- 
bitants. This class will differ from class B mainly 
in having a larger number of persons supplied 
through private house connections. Otherwise the 
proportions will be much the same as in the latter. 

As an example, I will take a town of 40,000 
inhabitants and assume that of these one-sixth, or 
say 6,500 persons, are supplied through private 
connections. 

The daily quantities required will be : 

Gallons. 

6.500 persons supplied 
through private connec- 
tions with 20 gallons per 

head per day ... ’ ... 130,000 

33.500 supplied through 
street standposts with 5 
gallons per head per day 167,500 

Eoad watering (once a day) . . . 40,000 
Drain flushing ... ... 10,000 

Supply of public buildings ... 10,000 
Leakage ... ... 20,000 

Sand or filter washing 20,000 

Total ... 397,500, or say 10 
gallons per 
head. 

Quantity Per Head For Towns Containing 
From 50,000 to 100,000 Inhabitants. 

12. In class D towns, containing a popula- 
tion of from 50,000 to 100,000 persons, there should 
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be in the near future a partial system of sewers, 
public connected latrines and dumping depots. 
There may also be possible a few private water- 
closets, and I allow in consequence a somewhat 
higher consumption per head for the private 
house connections. The quantity of water required 
for public latrines and night-oil dilution will be 
about 3 gallons per head of the total population and 
for sewer flushing I gallon per head. 

In the case of a town of 100,000 inhabitants the 
road watering may take place twice a day and I 
allow 2i gallons per head for it. This may include 
a certain quantity of water required for public 
gardens. 

lor a town of 100,000 inhabitants I consider the 
following would be a fair daily supply. One-fifth 
of the inhabitants are assumed to be supplied 
through private connections : 



Gallons. 

20,000 persons supplied 


through private connec- 


tions with 25 gallons per 


head per day 

500,000 

80,000 persons supplied 


through street standposts 


with 5 gallons per head 


per day 

400,000 

Road watering (twice a day) 

250,000 

Drain flushing 

25,000 

Sewer flushing 

20,000 

Public latrines, urinals and 


night-soil dilution 

300,000 

Supply of public buildings, 


etc. 

25,000 

Leakage, etc., say 

75,000 

Sand and filter washing ... 

75,000 

Sundry 

30,000 


Total ... 1,700,000 or 17 gallons 
per head. 

Quantity Per Head For Towns Containing 
From 100,000 To 200,000 Inhabitants. 

13. In the last class of towns, class B, those 
having populations of between 100,000 and 200,000 
inhabitants, the sewerage system should be more 
fully developed. The quantity of water required 
for public water-closets, latrines, urinals and night- 
soil depots will probably be about 3 J gallons per 
head. One-fourth of the population may be 
supplied through house connections, and I allow 
them a quantity of 30 gallons per head per day to 
provide for the increased number of water-closets 
and private dumping sinks. 

In a town of 200.000 inhabitants the total 
supply given should be as follows : 

31 


Gallons. 


50,000 persons supplied 


through private connec- 


tions with 30 gallons per 


bead per day 

1,500,000 

150,000 persons supplied 


through street standposts 

V 

with 5 gallons per head 


per day 

750.000 

Street watering (twice a 


day) 

600,000 

Drain and sewer flushing... 

90,000 

Public latrines, urinals and 


night-soil depdts 

700,000 

Supply of public buildings, 


etc. 

50.000 

Leakage, etc. ... 

200,000 

Filter or sand washing ... 

200,000 

Sundry 

110,000 


Total ... ... 4,200,000 or 21 gallons 

per head. 

Summary Of Estimates For Quantity Per Head. 

14. The following table gives the summary of my 
estimates of the quantity of water required ijer 
capita under the different headings for the various 
classes of towns : 


Consumption in gallons per head par day. 



Glass A. 

Glass B. 

Class G. 

03 

§ 

5 

Glass E. 

Domestic consumption 
(including private 
water-closets). 

5 

6*5 

m 

9*00 

ir25 

Public latrines and 
urinals, night-soil 
depots, etc. 

... 

*** 

... 

3*00 

3*50 

Supply of public build- 
ings. 

... 

•25 

•25 

•25 

•25 

Sewer and drain flush- 
ing. 

... 

•25 

•25 

•45 

•45 

Street watering 


roo 

roo 

2’50 

3*00 

Leakage from mains, 
skeet standposts, etc. 

... 

•50 

•50 

•75 

I'OO 

Filter ofsand washing. 

... 

•50 

*50 

•75 

roo 

Sundry (stables, cow- 
houses, dhobikhanas, 
etc.). 


■■■ 

■07 

•30 

•65 

Total ... 

5 

9*00 

10*00 

17-00 

2 roo 


It is to be understood that although the towns 
are classified in accordance with their population 
there are several towns which, owing to local circum- 
stances, must be treated as being out of their proper 
class. For example Darjeeling, although according 
to its population it should be in class B, may be 
considered a class D town, whilst Howrah with its 
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nadequate drainage system and with no form of 
sewerage at all is at present a class 0 town. Dacca 
is now a class 0 town, but when the new sewerage 
system is in complete operation, it will become a 
class E town, 

15. The figures in the above table are for a 
constant supply throughout the 24 hours and give, 
in my opinion, the maximum quantities required 
for domestic and public purposes in the towns of 
the various classes. They are the hot weather 
figures. In the rains and cold weather the con- 
sumption should be less. 

They do not include any water supplied for trade 
purposes. Thera are certain cases in which it 
might pay a town to supply water for trade pur- 
poses, such as for railway locomotives or for boilers 
at manufactories, or to a distillery ; but as it is 
impossible to generalize about circumstances which 
might make such a policy advisable, it is useless to 
discuss them in this note. 

Conclasion. 

16. To sum up, the following principles should 
govern the introduction and management of water 
supply schemes in Bengal : 

(1) The water supply of a Bengal town is largely 
an economical problem, and no town in this Presi- 
dency, outside Calcutta, can afford an extravagant 
supply on the lines of some of the European and 
American towns. 

(2) Such large supplies are in fact not required. 
The legitimate demands of mufasaal towns are met 
by water supplies varying from 4 or 5 gallons per 
head in the case of a small town up to a little over 
20 gallons par head in the case of a town of 200,000 
inhabitants. 

(3) This includes in the case of the larger towns 
water required for public purposes, such as road 
watering, drain and sewer flashing, and. where they 
exist, latrines, water-closets, urinals and night-soil 
depbts. 

(4) Separate unfilbered water supplies are neither 
necessary nor desirable, and in the case of most 
towns would be more expensive than using filtered 
water for public purposes. 

(5) The possibility of being able to give and 
maintain a sufSoienfe and nroner sunnly denendr 


mainly upon the prevention of waste in private 
house connections. Unrestricted and unmetered 
house connections will rain any water supply. 

(6) House connections must be limited in 
number to those that the municipality can afford 
to give. Every private connection must be meter- 
ed and excess consumption charged for at a 
sufficient rate to make real waste of water an 
expensive luxury. The number of persons supplied 
by such house connections would probably vary 
from about one-tenth of the population in a small 
town up to possibly one-fourth of the population in 
a town of 200,000 inhabitants. 

(7) The private house connections must not be 
given in such numbers or under such conditions as 
will allow them to interfere with the water required 
by the street standpost consumers or for public 
purposes. It is more important to water roads and 
flush drains than to give a large number of house 
connections. 

(8) Provided, however, the rest of the community 
do not suffer therefrom, the grant of private house 
connections to better class houses is in itself 
desirable. 

(9) With due care in the management of the 
water supply even a moderate-sized town can 
usually provide enough water for maintaining the 
sewers clean in a partial sewerage system. Such 
a system will probably enable a saving to be made 
in the conservancy considerably greater than the 
cost of the extra water so used. 

17. Einally, I may say that if in any town in 
this Presidency the consumption per head is much 
in excess of the quantity which, having regard to its 
population and the local condition, would suffice for 
its needs according to the table I have given in this 
note, it may be assumed that there is waste some- 
where, and the municipal authority should carefully 
enquire into the matter. The ordinary municipal 
rate-payer has no idea of the amount of money 
which a serious waste of water is costing him. In 
a municipality in which it cost 3 annas to supply 
1,000 gallons of water (an ordinary figure), the waste 
of 100,000 gallons a day means a waste of nearly 
Rs. 7,000 per annum, and there are few municipali- 
ties which can afford to throw away this amount 

TiTifV. nkortlnfflltT ■nr.f.kinn cknnT tf: 



APPENDIX 0. 

PEELIMINAEY PAETICULAES FOE IMPEOYEMBNTS TO 
EXISTING WELLS AND FOE NEW WELLS. 


L— Improyements To Existing Wells. 

1, The snbordmate who should draw up plans 
and estimates for improvements to existing wells 
should first be provided with instruments and sta- 
tionery of the following description : 

(1) A measuring tape 100' long. 

(2) A third-class mathematical instrument box. 

(3) Two set squares, 60° and 45°, 

(4) One 33' scale with offsets. 

(5) One foot rule. 

(6) One drawing board with T square. 

(7) One Indian ink cake. 

(8) One crimson lake cake. 

(9) One Prussian blue cake, 

(10) Two sable hair brushes. 

(11) Two slabs. 

(12) Twelve yards of tracing cloth. 

(13) Writing materials, estimate forms, etc. 

2. Every proposal for improvements to an exist- 
ing well should be accompanied by plans, estimates, 
and report of the following description : 

(1) Site plan showing the well proposed to be 
improved, the wells near it within a radius of 1,000 
feet, and the position of houses, roads, markets, 
slaughter-houses, latrines, tanks and rivers within 
that range. 

(2) An enlarged plan of well showing the existing 
works in black and the proposed improvements in 
red. The improvements proposed should as far as 
possible be of a nature to ensure that after these 
improvements are carried out the improved wells 
approach the condition of those shown on the Sani- 
tary Board type designs. 

(3) Estimate in the prescribed form. 

(4) Eeport containing the following particulars. 

(i) Description of the condition of the well pro- 
posed to be improved with reference to (a) diameter, 
( 6 ) thickness of steining, (c) whether the steining is 
of brick in mud or chunam mortar, id) lowest 
summer water level, (c) maximum water level, 
if) bottom of well and ( 9 ) the improvements now 
proposed. 

(ii) whether the water in the well is reported to 
be good in quality and whether the field tests as 
specified in a subsequent paragraph have been 
carried out, and the results of such field tests. 

(iii) The soil into which the existing wells are 
reported to have been sunk and the general charac- 
ter . of the surface aud underlying soils as far as 


can be gathered from reliable reports or observa- 
tions. 

3. Field tests to ascertain whether the water in a 
particular well is not brackish: The subordinate 
should be given a small teakwood box containing ; 
(1) one 4 oz. glass-stoppered coloured bottle con- 
taining a solution of silver nitrate made by dissolv- 
ing in the proportion of 22‘6 grains of pure silver 
nitrate in one ounce of distilled water ; (2) one 
4 oz. glass-stoppered bottle containing a solution of 
yellow potassium chromate made by dissolving in 
the proportion of 45 grains of yellow chro- 
mate in one ounce of distilled water; (3) one 4 oz. 
glass-stoppered spare bottle ; (4) one ounce measure ; 

(5) one minim measure ; (6) four glass test tutes ; 
and ( 7 ) three pipettes. 

4. The tests that the subordinate should carry out 
consist of his using one-quarter ounce of sample 
water and adding to it two drops of chromate solu- 
tion from a pipette to give the sample a yellow 
colour. He should then add carefully by means of 
a clean pipette drops of the silver nitrate solution 
till the sample turns red and compare with the 
number of drops required in a known potable 
water. From experience the following are rough 
standards : 

First quality potable water. 1 drop 
Fair quality ... . 2 to 3 drops. 

Indifferent quality . 4 to 6 drops. 

Brackish . above 5 drops. 

II.— New Wells. 

5. The selection of a suitable site for a new well 
will depend on a'number of considerations for which 
no hard and fast rules can be given, such as the 
positions of existing wells in good or ruined condi- 
tion indicating possibilities of constructing a new 
well at a particular site in their vicinity, the results 
of boring operations, etc. Wherever possible new 
wells should invariably be constructed at sites 
where, by means of shallow borings put down, the 
results of water levels, sub-soils and potability of 
water have been ascertained. 

6. If local conditions warrant the reasonable 
inference that a new well in a particular site is 
likely to yield a supply of water good in quality and 
sufiBcient in quantity, then proposals based on 
type designs may be drawn up and submitted for 
sanction in the usual course, accompanied by plans, 
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estimates, report and particulars of the under- 
mentioned description ; 

(1) Site plan showing the proposed location of 
the new well, positions of existing wells within a 
radius of 1,000 feet, positions (within the same 
range) of houses, roads, markets, slaughter-houses, 
latrines, tanks and rivers. 

f2) A statement of the number of the type design 
proposed to be adopted and an enlarged plan of well 
showing the assumed maximum and summer water 
levels and the surface and sub-soils. 

(3) Estimate in the prescribed form. 

(4) Beport containing the following particulars : 

(i) Description of the different works comprising 

the new well with reference to fo) diameter, 
(b) thickness of steiaing, (c) whether the proposed 
steining is of brick or stone, {d) the assumed 


summer and maximum water levels, ie) proposed 
bottom of well. 

(ii) The local conditions which go to determine 
an inference as to the water in the new well being 
good in quality and Sufficient in quantity. 

(iii) The soil into which the existing wells near 
the proposed well are reported to have been sunk and 
the general character of the surface and underlying 
soils as far as can be gathered from reliable reports. 

(iv) Whether the water in the existing wells near 
the proposed well-site is reported to be good in 
quality and whether the field tests specified in a 
previous paragraph have been carried out and the 
results of such field tests. 

(v) The location of pumps proposed to be fitted 
bearing in mind that the pump barrels should not 
be more than 20 feet above the foot valves of 
suction pipes. 



APPENDIX D. 

GENBEAL INSTRUCTIONS FOR DRAWING UP PROPOSALS POE 
DRAINAGE AND WATER SUPPLY FOR LARGE INSTITUTIONS AND 
BUILDINGS IN TOWNS POSSESSING CLOSED SEWERAGE SYSTEMS 
AND PIPED WATER SUPPLIES. 


Report And Plans For Drainage Proposals. 

(i) A reporli clearly describing the proposed 
works stating also how the existing methods, if any, 
,are defective. The report should be a self-contain- 
ed one avoiding reference to other papers and cor- 
respondence between various offices. This report 
should also contain information as to the quantity 
of sewage to be dealt with by the various branch 
sewers, and also (a) the resident population, of the 
building and (5) the non-resident population i.e., 
those who attend during certain hours only. 

(ii) A plan showing : 

(a) the blocks of buildings to be drained ; 
ib) the surrounding Municipal streets, drains 
or sewers with their sizes and positions of man- 
holes ; 

(c) the alignment of branch drains or sewers 
with their dimensions ; 

(d) the position of manholes, inspection cham- 
bers, syphons, silt traps, air inlets, ventilators, etc., 
on them ; 

(e) the direction of flow of sewage in the pro- 
posed branch and existing Municipal drains or 
sewers (to be shown by arrows) ; 

(/) the ground level of principal points for 
guidance in considering the lie of the ground. 

(iii) Plans of longitudinal sections of all the pro- 
. posed branch drains or sewers, however short they 
may be, showing : 

(a) the ground levels, 

{h) the invert levels of drains or sewers, 

(c) the levels of top and bottom of the Muni- 
cipal manhole, 

id) the level of sewers at the manhole referred 
to under (c) above, 

(e) gradients and sizes of sewers. 

(iv) Detailed drawings of particular parts wbere- 
ever required. 


Report And Plans For Water-supply Proposals* 

(i) A report clearly describing the proposed works 
stating also how the existing methods, if any, are 
defective. It is recommended that the report 
should be a self-contained one avoiding reference 
to other papers and correspondence between various 
offices. The report should also contain thequantity 
of water that will be drawn off the Municipal main. 

(ii) A plan showing : 

(u) the alignments of proposed service pipes 
with their sizes marked in inches ; 

ib) the position of Municipal main from which 
the connection is taken off and its size ; 

(c) positions of valves, meter, etc. ; 
id) pressure or head of water in the Municipal 
main as taken at the fountain nearest to the point 
of offtake and at any time between the hours of 
6 to 9 A.M. or 3 to 6 P.M. should be marked on the 
plan. The pressure to be taken from a pressure 
gauge which may be attached to a tap by means of 
a short length of rubber tube. 

Estimates. 

The usual detailed and abstract estimates, so that 
the various fittings and connections may be 
observed, should also accompany all proposals. 

Drainage And Sanitary Fittings, 

1. Pipe sewers should as a rule be adopted to deal 
with sullage, open drains being constructed to 
carry off storm water only. 

2. The following table gives the minimum grades 
(to produce self-cleansing velocity) and the discharg- 
ing capacities at those grades of a few sizes of open 
semi-oval drains and pipe sewers. Wherever possible 
the drains and sewers should not be laid flatter 
than at these grades. In cases where the minimum 
grade is not available, automatic flushing tacks 
should be put in at the head of such sewers. Auto- 
matic flush tanks should also be put in at the head 
of all long lengths of sewers. 
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Pipe sewers. 

Discharging 
capacity, gallons 
per minute. 

82 

185 

416 

739 

d 

ce 

52 

100 

190 

295 

fl CO 
«-* o 

0) .d 

C!3 0 

rH CO 05 t 1 ! 

Semi-oval open drains. 

Area that can 
be drained in 
square feet allow- 
ing rainfall 

per hour. 

■<H0D05lOCDC0l> 

OD O C- 01 03 r,i 

■.iSlCDJOOOr-lr^t- 
GO 03 ft" (?> 00 OC 03 

H N CO CO 

Discharging 
capacity, gallons 
pec minute. 

166 

363 

656 

1,052 

1,551 

2,071 

2,685 

Grade 

1 in 

100 

200 

300 

400 

600 

650 

800 

Size in 
inches. 

CD 03 CM OO -it 

)H r-t rt Cq CT 


Jv— A 6-iDoli drain should not be used for a greater 
length ten 300 feet commencing from the head of any 
branch. 

3. Sewers should, as far as possible, be laid in 
straight lines, a manhole or inspection chamber 
being put in at distances not exceeding 300 feet. A 
manhole or inspection chamber should be put in 
also at every change of direction in the line of sewer 
and at all points where a branch sewer or sewers 
join a main sewer, In selecting the line which a 
branch sewer should take, the principle of draining 
to the lowest levels should be observed, that is, the 
selected manhole on the municipal street sewer to 
which the branch sewer should be connected should 
be the lowest and not the highest manhole adjoin- 
ing the premises to be drained. 

4. The sewers should be laid at a minimum depth 
of 3| feet except in unavoidable circumstances, in 
which case they may be laid at a shallower depth, 
provided there is no heavy traffic passing over the 
place. 

5. Where a branch sewer joins a main sewer at a 
manhole the channel of the former should be curved 
so that the direction of flow of sewage in it at the 


junction may be in line with that in the main sewer, 
vide sketches in plate 203. 

6. The branch sewers should join the main sewer 
at its top level, f.c., the R.L’s of the tops of the 
main and branch sewers should be the same. They 
should not join either above or below this level. 

7. If the existing municipal sewer is at a great 
depth to admit of the junction being carried out 
without going to the expense of making heavy 
excavations for the branch sewer, a drop arrange- 
ment may be provided as shown in sketch in plate 
203. 

8. To prevent the passage of sewer air into the 
buHdings, traps (disconnecting syphons having a 
water seal of at least 2 inches) should be provided 
between the branch sewer and the building in cases 
where the connection is not from a water closet. 
In the latter case the water closet itself contains a 
water seal, and there should be no disconnecting 
trap inserted between the water closet and the 
branch sewer. A disconnecting trap (which may 
be nlaced in the last manhole or inspection chamber 
within the boundary of the premises) should always 
be provided before connecliiDg the branch sewer 
with the municipal sewer. An air inlet should be 
provided at the disconnecting trap manhole. 

9. Ventilation pipes should be provided at the 
head of all branch sewers, and these pipes should 
be carried up to 4 feet above the eave of the roof 
within 20 feet radius and should be provided with 
wire domes at their tops. 

10. The cast iron soil pipes from water closets and 
downtake pipes from sinks, etc., should be placed 
against the external hee of the wall of the building, 
and these pipes should also be carried up to 4 feet 
above the eave of any roof within a radius of 20 feet 
and be provided with wire domes at their tops. . 

11. When the building contains more than one 
floor and water closets are provided on each floor, 
anti-syphonage pipes should be provided to prevent 
the taps on the lower floors becoming unsealed by 
the down rush of water through the soil and down- 
take pipes from the upper floors. These pipes 
should also be carried up to the same height as the 
soil and downtake pipes and be provided with wire 
domes in a similar way. 

Water Seryice Connections. 

1. The service pipes should be from li inches to 
f inch and best i inch screw down cocks tested to 
about 200 lbs. pressure should be used. 

2. A meter in a suitable masonry pit should be 
provided on the service pipe just inside the com- 
pound of the building. 

3. No service pipe should be connected direct on 
to a latrine, water closet or a flushing tank above 
it. It should discharge into an independent storage 
tank at top from which connections may be made. 




APPENDIX E. 

SIMPLE INSTRUCTIONS FOR BORING AS CIRCULATED TO LOCAL 
BODIES IN THE PRESIDENCY OF MADRAS BY THE GOVERNMENT 
OF MADRAS. 


General. 

The following instrucliions describe the method of making borings of about fifty feet deep to 
test the nature of soil and quality of water at a proposed site for drinking water well. 

List Of Tools Ind Plant And Materials Required. 


2. A list of tools and plant required for such borings is printed below giving also the object 
of each of them. Plate 187 gives a sketch of each of the tools and the item numbers correspond to the 
numbers marked against each : 


Item No. 

Quantity 

required. 

Tool or plant. 

Object. 

1 

No. 1 

Open (clay) auger, 2^” size 


To bore through and bring up clay or other 




stifl soil. 

2 

« 1 

Worm do. do. ... 

To loosen stuS too stifl for clay auger, 

3 

» 3 

Nose shell do. do. ... 

To bore through and bring up loose stuff. 

4 

» 1 

Flat chisel, 21" size ... 

To loosen and pound bard stuff. 

5 

» 1 

V do. do 

do harder stuff. 




/ For raising and lowering rods and tools and 

6 

M ^ 

Hand dogs, r size] 

Lifting dog do.) 


holding them on the borehole when making 

7 

» 1 


j or unmaking the joints between them. 

Hand dogs also to fasten and unfasten the 

1 joints between rods and tools, 


8 

1 set 

Tiller rods, with screws complete ... 

To serve as a lever in working the tools. 

9 

No. 1 

Swivel rod (short), r size 

To form the topmost one of lengthening bars 

10 



allowing rope attachment and turning of rods 
when working. 

« i 

Lengthening rods, 10' long each and V 


[To make rigid connection between the boring 

11 

« 1 

square 

Lengthening rods, 5’ long each and V 


j tool at bottom of borehole and the topmosl 
i rod. 



square 


12 

54 L feet. 

Boring pipes, 3" internal diameter and thick ; 




screw joints, flush inside and outside 

To line the borehole to prevent its sides collap- 

13 



sing, 

2 sets. 

Pipe clamps or rests (long type) 

Various uses described in the notes. 

H 

No. 1 

Bell screw or bell box ] 

1 To recover rods or tools accidentally remain- 

16 

» 1 

Crows foot. 1 

1 idg in the borehole. 

16 

« 2 

Four-ton lifting bottle jacks with wrought 



ironcylinder 

To raise lining pipes or augers which have 




stuck fast, 

17 

.1 1 

Iron pulley... 

For tripod at top. 

18* 

M 1 

Wooden platform 

For men to stand on and work. 

19 

H 3 

Oasuarina or similar poles, 25’ to 30’ long 

For making a tripod or derrick. 

20 

» 2 

Manilla rope coils, 50' long and 3* in circum- 




feienoe ... 

For jumping tools, eto. 

21 

22 

„ 1 
» 1 

Monkey spanner, 12" size) 

Do. do. 10"do. J 

For tightening nuts, etc. 

23 

» 1 

Mammooti... 


24 

« 2 

Crow bars, 5' long 


26 

» 1 

Cutting knife (billhook) 


26 

» 1 

Olay auger cleaner 

To take out contents of clay auger. 

27 

H 1 

Nose shell do. 

Do. of shell auger. 

28 

» 1 

Measuring tape, 60' ... 


* Can be mafle locally by joining two main pieces of good planks at right angles to each other with a hole in the centre 
and nailing thinner cross planks over these in each of the four quadrants as illustrated in the figure. 
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In addition to these about five viss of spare coir 
rope and about one viss of castor oil should always 
accompany the tools when taking them out to the 
field for actual work so that there may be no 
suspension in the work with the consequent loss of 
time and money for want of these sundry materials ; 
also a pair of sleepers or similar material each nine 
to ten feet long to put across the top of the pit 
which is often necessary during work. 

Preliminary Pit. 

3. In commencing to bora at any given spot the 
first thing to be done, in ail cases where it is 
possible, is to sink a pit of square dimensions 7' 
xf to a depth of about eight feet and commence 
boring from its bottom. This pit will facilitate work 
and saves delay in the progress of boring. In any 
case the bottom of the pit should be kept six to 
nine inches above the subsoil water level when the 
same is within ten feet of the ground surface. 

Soils Classified. 

L The most usual kinds of soil to be bored 
through are : 

(i) Soils of various degrees of stiffness, e,g. 
clay, loam, kankar, etc. 

(ii) Loose soils, e.g,, sand, gravel, pebbles, silt, 
etc. 

(iii) Hard soils, e,g,, different kinds of rock, 

Boring Through Stiff Soils (Glass I). 

5. The stiff soil auger is taken, its screw threads 
oiled and the swivel rod screwed on to it. A tiller 
set is then fastened on to the swivel rod to form a 
lever, and the auger with the attachments is held 
upright in a small hole made by jumping a crowbar 
two or three times into the ground or the bottom of 
the pit. Steadying the whole plant, and holding it 
quite plumb until it sinks a few feet, a rotatory 
motion is given to the plant in the direction of the 
hands of a clock, applying a slight downward pres- 
sure over the tillers during rotation. The auger sinks 
into the ground piercing a hole and collecting the 
soil in the longitudinal slit in the tool. When the 
auger has sunk to a sufficient depth, the whole thing 
is lifted up, and the clay collected in the slit taken 
out. The whole operation is repeated over and over 
again. When about three feet has bean bored 
through, two men can seat themselves on the tiller 
rods to give downward pressure for the tool, and 
additional pressure, if necessary, may be given by 
attaching two hand dogs to the lengthening rod over 
the tillers in a direction at right angles to the same 
and two more men seating themselves on the hand 
dogs. 

6, The borehole need not be lined in this class 
of soils unless it is necessary to preserve them for 
some time, say a fortnight or so. The method of 
lining will be described under soils of. class II. 


Boring Through Loose Soils (Class II), 

7. In this case the borehole will not stand by 
itself as in the previous case as the soil in the sides 
of the borehole does not stand vertical Hence the 
borehole has to be Imed which is done by sinking 
wrought iron tubes as the borehole proceeds. 

8. A tripod made of three casuarina or other 
poles is first raised over the spot of borehole and 
the pulley, suspended at its top with the manilla 
rope around the same, and the swivel rod attached 
to one end of the rope. (The poles forming the 
tripod should be about 25 to 30 feet long if a con- 
venient height of tripod is to be formed to suit all 
localities). Having raised the tripod, a lining tube 
is taken, a clamp attached at a convenient height of 
its length, and the pipe with the clamp held upright 
on the spot (if possible stay it by burying a short 
length, say two feet). Then the swivel rod is 
screwed on to a nose shell auger and both lowered 
into the pipe slowly. If the length of the swivel rod 
be found insufficient, one of the ten feet lengthen- 
ing rods can be used. When the tool reaches the 
bottom of the borehole it is worked up and down 
continuously by the men who hold the other end 
of the rope. In this operation the sand or loose 
material gets into the socket of the nose shell 
auger and fills it as the valve at the bottom of 
the tool keeps the same from slipping out again. 
As jumping goes on, the lining pipe sinks down of 
itself in the first stages of boring thus clearing 
a hole through the loose soil. 

9. When the nose shell auger is filled with sand 
(generally indicated by the lining tube not sinking 
further when the tool is worked) it is hauled up, 
detached from the rods, and the contents emptied. 
(In emptying the contents, the shell auger is held 
valve end upwards, a little water poured in from 
the top and the contents pricked from bottom with 
the cleaning rod until they run out ; in some cases 
only where the contents stick fast in the auger the 
tool may be jumped with screw end downwards 
three or four times on a log of wood when the 
contents will run out, but this should be avoided as 
far as possible) . The operation is repeated to conti- 
nue the borehole deeper. 

10. In working the nose shell auger the loose 
soil should be mixed up with water ; hence in cases 
where the subsoil water level is not reached near 
the bottom of the pit, a quantity of water (an 
ordinary potful would do) ' should be added to the 
borehole so that it may have some water in it when 
working the auger. 

Yerticality Of Lining Pipe. 

11. The lining pipe should be carefully held up 
quite plumb until it sinks, say five feet. (A practical 
and ready method of doing this is to ask two men 
facing the pipe at distances of ten about to stand 
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feefe from the same and along two lines at right 
•angles to each other ; each will then direct the men 
who hold the pipe to its verticality.) 

Sinking The Lining Tubes. 

12. The wooden platform is then slided down 
the pipe, and fixed on the same at a convenient 
'height between two pairs of pipe clamps. Some of 
the men then get over the platform and work from 
there. The additional weight now put on the pipes 
will generally be found sufficient to cause them to 
sink of themselves till about fifteen feet deep. 
Beyond this depth, a rotatory motion in clockwise 
direction should be given to the lining pipe as the 
nose shell auger is worked, by means of two levers 
formed by letting in two crowbars at opposite 
ends into the open spaces between a pair of clamps 
fixed to the pipe. This rotatory motion does not in 
practice injure the screw threads of pipes when 
boring to the shallow depths under consideration. 
When the pipe has sunk about 35 feet, additional 
weight has to be put on the platform in the shape 
of either sand bags or some heavy iron materials 
lying on the works. As each pipe sinks nearly to 
the full depth another one is screwed on to its top. 
In driving the pipes down, only weighting and 
rotating methods as described above should be used, 
and on no account should blows be given at their 
tops, even by placing a wooden log, etc., to act as 
a cushion. Hammering at top will only result in 
injuring the top of pipes and screw threads, with 

.the result that the succeeding pipes cannot be 
screwed on to them. 

Stick' fusts. 

13. There is one important point to be very care- 
ful about in working with the nose shell auger, and 
that is to avoid " stich fasts” The nose shell 
auger should never be allowed to rest even for a 
few seconds at the bottom of the bore-hole, else the 
brushing sand and grit under the fprce of subsoil 
springs, when working in loose sandy strata, jams 
the tool fast in the pipe. As soon as the tool is 
filled with sand, or if it be found necessary to stop 
jumping for a short time when the auger is b the 
bora-hole, the tool should be hauled up say ten or 
fifteen feet and there allowed to rest in the bore-hole. 
If, in spite of precaution, a stick-fast should occur 
(it invariably does until the workmen themselves 
experience it once or twice) it is useless to try to 
extract the tool by merely pulling it up without 
the aid of jacks : no recourse whatever should be 
taken to such devices as turning the rods in the 
hope of loosening the tool and pulling it up, which 
will only make matters worse. The easiest way 
to tackle the situation is to raise the lining pipes 
bodily about 6 inches at a time to about two feet 
and keep on giving an upward jerk to the tool and 
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rods by means of the rope. The sand or grit jam- 
ming the tool then sinks down and in the majority 
of eases the tool comes up. 

14. Where alternative strata of sand and clay 
have to be bored through, a combination of the two 
methods described till now should be used. In 
this ease, the lining pipes have to be sunk through 
the clay also to reach the underlying sand. 

Boring Through Hard Soils (Class III). 

15. In this case the soil does not yield either to 
the clay or nose shell auger. It should first be 
loosened : 

(1) by working the worm auger just in the same 
manner as the clay auger and bringing up the loose 
material (if it does not come up stuck in the spirals 
of the tool itself) by working the clay auger. 

(2) by jumping the fiat or V chisel according to 
the hardness of.the soil and bringing up the loosened 
or broken materials by using the nose shell auger. 
At every jump of the chisel it should be slightly 
turned so that it may not cut through the soil in 
one and the same place, but break or pound it right 
round. 

The methods described in this paragraph are 
only for boring in moderately bard soils and not in 
solid rock such as gneiss or granite which will not 
be required in the case under consideration. 

Care Of Tools And Plant. 

16. The above are a few simple instructions 
on the method of taking ordinary borings and the 
use of tools involved in the same for the use of 
beginners in the work, who should, in addition, 
exercise good care in the preservation of the tools 
and plant in good condition which is quite essential 
to the efficient and quick progress of the work as 
well as to minimise the recurring expenditure 
on the comparatively costly materials. The 
screw threads of the tools, rods, pipes, etc., should 
always be kept oiled and not allowed to rust nor 
carelessly thrown away on the works. The valves 
of the nose shell auger get damaged at intervals de- 
pending on the extent to which they are used, Of 
the three tools supplied, one should always be kept 
as a reserve on the works and the other two used 
alternately. The damaged one should at once be 
repaired. This could be done even in out-of-the- 
way places if a spare piece of good leather, which 
is often difficult to obtain even in small municipal 
towns, be kept on hand with the tools. 

Recovering Tools ProiA Boreholes, 

17. Now regarding the use of the two tools under 
items 14 and 15 in the list given at the beginning 
of these notes, they are of service in extracting the 
tools and rods that may accidentally drop or remain 
in the bore-hole. When the screw head is left on, 
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the bell box is let in and an attempt made to screw 
on the same to the top end of the rod or tool and 
the whole hauled up. If the screw end has broken 
off then the crows foot is let in and the rod or tool 
caught by the same and the whole hauled up. 

Obsemtion Ind Record Of Results. 

18, A vital point in connection with the 
work described up to now is the careful obser- 
vation and recording then and there of the depths 
from which the various kinds of soil were obtained. 
When lining pipes are being sunk in sand strata 
by working the nose shell auger, the depth from 
which the soil in the shell auger is obtained is 
that to which the pipes have sunk ; to facilitate 
these observations being readily made and with 
no mistake a gauge in feet should be marked 
with chalk temporarily on each lining pipe as soon 
as it is screwed on to the one below. The number 
of feet should be carried up continuously from the 
lowest pipe of the series. The depth observed 
should be from ground level for which purpose a 
string line may be stretched across the top of the 
pit and the point where it touches the lining pipe 
read. When using clay auger, chisel and other 
tools, the observations of the depth at which the 
tool worked should be made every time and before 
the tools are hauled up for emptying the contents, 


etc. The water level also should be noted. A very 
convenient and accurate method of sounding the 
water level in boreholes is to tie a lead sounder 
made, shape shown in sketch (figs. 29 and 30, plate 
187), to the end, of the measuring tape and sound 
the water level. 

The water level should be observed in the morn- 
ing before the work commences as it is only then 
that the true rest level of the sub-soil water is 
obtained. Also the level at which the water was 
tapped in a bore-hole should be noted in all cases. 

Plotting Of The Results. 

19. from the field records made, a section should 
be plotted to scale showing the strata of the soil 
lying at different depths below ground level and 
water levels as shown in the sketch (fig. 38, plate 
187). 

Pulling Out The Lining Pipes. 

20. When a boring has been finished and the 
required results obtained, it will be necessary, in 
the oases under consideration to pull the lining pipes 
out. This could be done by fastening a pair of 
clamps on the pipe and applying levers on both 
sides with the crow bars. If the pipes have 
stuck too fast for this, the screw jacks should be 
used. 



APPENDIX F. 

EXTEAGTS PEOM THE WATEE WOEKS HANDBOOK BY 
I 0. MOLONY, Esq., lc.s., PEESIDENT, COEPOEATION OP MADEA8, 


Introduction. 

This book is too long to re-print in full. These 
extracts give the salient points. Those who want 
further information can obtain a copy of the Hand- 
book from the Corporation of Madras, Price 2 
annas. 

Time Of Reading Meters. 

The meters will be read as far as possible on 
identical dates every month and within the first 
ten days of the month. Tbe Meter Reader or 
Overseer will give at least 24 hours’ notice ahead 
of date of reading the meter. As it is impossible 
to fix the exact time, a margin of three hours 
within which the meter will be read, will be noted 
on the notices. 

The Meter Reader or Overseer has instruction to 
send word through the gardener or other servant 
to the owner or occupier, if the latter is not 
directly accessible, as soon as he reaches such 
owner or occupier’s premises, and to wait for 5 
minutes only for such owner or occupier or his 
representative to witness the reading. In the 
absence of any of the abovementioned persons 
the Meter Reader or Overseer will read the meter, 
note the reading, and hand over a copy to 
gardener or servant of any of the abovementioned 
persons. 

Method Of Reading Meters. 

The meter dials are of two types : 

(1) Straight reading dials. 

(2) Circular reading dials. 

Straight reading dials are of the speedometer 
type and no instructions are necessary for reading 
meters with this type of dials. 

Ciroular reading dials : There are about six 
types in use. The instructions will be found at 
the end of this appendix. 

Meters Recording Incorrectly. 

In the case of meters found to be recording 
incorrectly, the President will, until the meter 
is repaired and replaced, base his assessment of 
the quantity consumed on the average consumption 
of the six mouths previous to the month in which 
the meter was considered to have gone out of 
order, 


House Seririoe Connection. 

A house service connection shall ordinarily 
comprise the following parts and fittings : 

ia) A brass or gun metal ferrule inserted in the 
street main. 

[b) A lead or properly protected iron or steel 
communication pipe from the ferrule to the 
stopcock. 

(c) A stopcock and its surface box. 

(d) A meter and its pit. 

[e) Service pipes from the stopcock to the taps. 

(/) Taps and other fittings. 

Meters. 

The President may at his discretion fix a meter 
to aoy service pipe, whenever and for such length 
of time as he may consider necessary. The cost 
of fixing and removing such meter shall be paid by 
the owner or occupier who shall also pay to the 
Corporation rent for the meter at such rates as from 
time to time may be fixed by the Corporation. 

Connection To The Main. 

No connection with any Municipal water work 
shall be made, renewed, altered, or extended : 

U) except by a Municipal officer or servant em- 
powered in that behalf by the President, and 

(5) until the certificate as required by the rules 
has been given. 

Specification Of Pipes And Fittings. 

All consumer’s pipes shall be of lead, wrought 
iron, cast iron, steel, brass or copper, as may be 
required by the President and shall conform in 
every respect to the following specifications : 

Where a connection is made between an iron and 
copper pipe or lead pipe, a screw ferrule of hard 
brass shall be wiped on to the lead pipe. 

Joints in lead pipes shall be water tight plumbers 
or wiped solder joints. No other form of joint, 
such as copper bit or flange joints shall be employ- 
ed except with the Engineer’s permission in writing. 

Benda in pipes shall not in any case diminish or 
alter the bore of the pipes. 

Stop taps shall be provided on all primary 
branches from the supply pipes in buildings with 
more than one tenancy. 
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Every pipe or fitting within a building shall so far 
as practicable be so placed as to be readily accessible 
for examination and repair, and no pipe shall be 
embedded in brick, stone, mortar, plaster or similar 
materials, except where this is unavoidable. 

All services shall be so laid as to render im- 
possible any contamination from drains or latrines, 
and if necessary, they shall be laid at higher level 
than the house drain. 


Lead Pipes. 

Lead pipes shall be of equal thickness throughout, 
and of the following weights per lineal yard. 


Xntornal diameter of pipe 
in inches, 

Weight of pipes in lbs. 
per lineal yard. 

1 

4 lbs, 


5 „ 

1 

8 „ 

1 

11 » 

li 

14 „ 


18 „ 

2 

34 „ 


Cast Iron Pipes. 

Oast iron pipes, if used in connection with 
water supply, shall comply with the specification 
issued by the Engineer from time to time. 

W. L and Steel Pipes. 

Wrought iron and steel tubes, if used in connec- 
tion with water supply shall conform to the 
dimensions given in the following table and other- 
wise shall comply with the Standard Specification 
for pipe Threads (Publication No. 21) issued by the 
Engineering Standard Committee. 


Nominal bore of 
tube in inches, 

Approximate outside 
diameter of tube in 
inches, 

Number of 
threads pet inch. 

j 

27/32 

14 

1 

1 J/16 1 

14 

1 

1 11/32 

j 11 

li 

1 11/16 

‘ 11 

1| 

1 29/.S2 

! 11 

2 

2 3/8 

11 


The screws in all tubes shall be conical, having 
a taper of xf inch on the diameter per inch 
of length, and in all cases shall be screwed with the 
British Standard Pipe Threads for Iron or Steel 
Tubes, 

Protection Of Iron And Steel Pipes. 

Wrought iron, oast' iron and steel pipes must be 
protected on the inside from corrosion, either by 


galvanising or coating with a suitable material satis- 
factory to the Engineer. 

Wrought iron and steel pipes or tubes whether 
galvanised or not shall not be laid in earth unless 
coated and protected by one of the following 
methods : 

(a) The pipes shall be tightly wrapped with stout 
tape of approved quality, samples of which may be 
seen at the Corporation Stores. Before applying, the 
tape must be dipped in and thoroughly coated with 
petroleum pitch or Siderosthen paint or other 
approved coating : After wrapping, the interstices of 
the material shall be filled up with a final coating 
of the preservatives which may be painted on with 
a brush. The coating to be applied to the pipe 
shall be the same as for the tape. 

ib) The pipes shall be laid in a trough made of 
teak wood and filled with pitch. Cradles must be 
fixed in the trough not exceeding 6 feet apart in 
order that the pitch may entirely surround the pipe, 
and to prevent the pipe from rising or sinking 
through the pitch, the minimum thickness of pitch 
at any point round the pipe being five-eighths of an 
inch. 

When long lengths of piping are required, the 
protection must be applied previous to laying, 
Overseers and plumbers who desire to keep a stock 
of house service pipes must have the pipes properly 
treated before use. ■ 

If, however, only a short connection is required, 
for which short pieces of piping or specials alone can 
be used, the protective coating may be applied in the 
trench when the pipes have been jointed up. 

Under no circumstances must any gaps be left in 
the protective covering of house service pipes laid 
in earth. No pipes must be covered up until the 
protective coating has been inspected and approved 
by the Engineer. 

l^ote : Lead pipes in earth need not be protected 
according to the above rules. 

Brass And Copper Pipes. 

All brass and copper tubes used in connection 
with water supply shall be solid drawn and of a 
minimum thickness of 14 Imperial gauge, and shall 
be screwed with the British Standard Pipe Threads 
for Iron and Steel Tubes. 

Taps, Etc. 

Ordinary taps must be of the screw-down or 
non-concussive type. Ordinary taps of the plug 
or quick. closing type will not be allowed. Waste- 
not taps must be of a type approved by the 
Engineer. 

Every tap or cock on a supply pipe shall be made 
full bore, well-dressed and free from sand, capable 
of resisting a pressure of at least 300 lbs. to the 
sq. inch 
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Every tap or cock shall be made of gunmetal or 
hard brass, or of other not less suitable metal or 
alloy and shall be of sufficient strength and weight 
in every part. Every bib tap or stopcock shall have 
an efficient screw- down valve. Every stopcock 
shall be fitted with a square head. The valve of a 
screw-down bib tao and the valve of a screw-down 
stopcock, if intended to be used for cold water, shall 
be faced with specially prepared leather or other 
suitable material and if intended to be used for hot 
water shall be faced with a material adopted for use 
for hot water. Such valve if faced with a soft 
washer, shall be so constructed as not td be liable 
to turn round on its seat, and if faced with 
vulcanite or other hard material, shall be so con- 
structed as to turn on its seat before tightly closing. 

Premises Not To Be Supplied Through More 
Than One Supply Pipe. 

No dwelling house or other premises charged or 
chargeable separately with water-rate or rent shall 
be supplied with the water of the Corporation by 
more than one supply pipe connected to the Corpo- 
ration main except with the consent in writing of 
the President of the Corporation. 

Separate Supply Pipe To Every Dwelling 
House. 

No communication pipe shall be used to supply 
water to more than one dwelling house or other 
premises charged or chargeable with water tax or 
rate, except with the consent in writing of the 
President of the Corporation. In the event of any 
such consent being granted, the supply shall remain 
subject to the provisions of the Municipal Act. 

Position Of Stopcock. 

An approved screw-down stopcock provided by 
the Corporation at the cost of the consumer, shall 
be placed in such an accessible position as may be 
approved by the authorised officer, and if under- 
ground, shall be protected by a proper guard box 
(or surface box) of approved design. 

Taps For Drinking Water. 

In all cases where a constant supply of water is 
provided by the Corporation, taps available for 
drawing water for drinking or cooking purposes 
shall, as far as possible, be supplied from the ser- 
vice pipe, and not from any cistern. 

Consumer’s Outside Taps Or Stand Pipes. 

No consumer’s tap or stand pipe shall be fixed in 
any public thoroughfare, common staircase, passage, 
or outside any premises without special permission 
in writing from the President of the Corporation. 
Every stand pipe or fountain, which is accessible 
to the occupants of more than one dwelling house, 
shall be provided with a self-closing or other 


suitable waste preventing tap. No such tap or 
stand pipe shall be used for drawing water unless 
and until it has been approved by the authorised 
officer. If in the judgment of the authorised officer, 
any such tap or sknd pipe shall, either directly?or 
indirectly conduce to or be used or dealt with as to 
cause contamination, waste or misuse of the water 
of the Corporation, such tap or stand pipe shall be 
removed by the consumer within fourteen days of 
the receipt by him of a requisition to that effect 
signed by the authorised officer. 

Pumps Drawing Water Direct From Water 
Supply Pipe. 

Pumps drawing water direct from the water 
supply pipe are objectionable, and will only be 
allowed by special permission of the President for 
a limited period which may, however, be extended 
from time to time by the President. Such pomps 
shall be open to inspection at any time, and should 
the President consider it necessary, will have to be 
removed at 24 hours’ notice, and no claim shall 
lie against the Corporation for damages for removal 
of such a pump. 


Meter And Meters Rents. 

The President may fix meters on bouse services 
irrespective of the class of service. 

In the case of metered services, the following 
rents for meters will be charged : 


Es. A, P. 


i in. 

... 1 

0 

0 

i in. 

... 1 

4 

0 

1 in. 

... 1 

8 

0 

If toll” ... 

... 2 

0 

0 

2 in, 

.. 2 

8 

0 

3 in. 

... 3 

0 

0 

4 in. 

... 4 

0 

0 

5 in. and above 

... 5 

0 

0 


per mensem. 


Free Allowance. 

For domestic purposes, a free monthly allowance 
is granted equal to 160 gallons per Eupee of the 
monthly rental value as assessed by the Eevenue 
Officer. All excess will be charged for at as, 12 
per 1,000 gallons. 

Siemens And Adamson’s Water Meter : 

Instructions For Reading The Dial : 

Registering In Gallons : Fig. 1, Plate 192. 

In all meters, up to 6 inch, each revolution of 
the hand corresponds to a flow of 1,000 gallons. 

In the dial of this meter are two large circles and 
one small inner circle. The outer large circle 
referred to by the fixed pointer, represents 1,000 
gallons each revolution ; it is divided into 100 equal 
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parts of 10 gallons each. The inner large eireie, 
referred to by the movable hand, represents 

100.000 gallons each revolution ; it is divided into 
100 equal parts of 1,000 gallons each. The small 
inner circle represents liOOO.OOO gallons each 
revolution, and is divided into 10 parts of 100,000 
gallons each. 

In this figure the hand in the small circle has 
last passed 6, indicating six revolutions of the large 
hand, or 600,000 gallons ; the large hand indicates 

22.000 and the fixed pointer 250 gallons, so that 
the meter reading is 622,250 gallons. 

Siemens Ind Adamson’s Water Meter ; 

Instructions For Beading The Dial : 
Registering In Gallons ; Fig. 2, Plate 122. 

In all meters up to 6 inch each revolution of the 
hand corresponds to a flow of 1,000 gallons. In 
the dial of this meter are two large circles and two 
small inner circles. The outer large circle, referred 
to by the fixed pointer, represents 1,000 gallons for 
each revolution ; it is divided into 100 equal parts 
of 10 gallons each. The large inner circle, referred 
to by the movable hand, represents 100,000 gallons 
for each revolution ; it is divided into 100 equal 
parts of 1,000 gallons each. The small inner circle 
on the right side represents 1,000,000 gallons for 
each revolution; it is divided into 10 parts of 

100.000 gallons each. The small inner circle on 
the left side represents 10,000,000 gallons for each 
revolution ; it is divided into 10 equal parts of 

I, 000,000 gallons. 

This figure has four circles of figures. The 
circle of greatest value is the small circle marked 
“ ten millions,” and on the figure the hand has last 
passed 2, indicating two millions. The next circle 
in value is the second small circle marked “ one 
million,” and in the figure the hand has last passed 
5 indicating 500,000 gallons. The next is the 
large inner circle, and the division or figure the 
hand is pointing to indicate 83,000 and the fixed 
pointer 250 gallons, so that the meter reading is 
2,583,250 gallons. 

J. Tylor And Son Patent Rotary Water Meter : 

Instructions For Beading The Dial : 
Registering In Gallons ; Fig. 3, Plate 192. 

In the dial of this meter are two large circles and 
one small inner circle. The outer large circle re- 
ferred to by the fixed pointer, represents 10,000 
gallons for each revolution ; it is divided into 100 
equal parts of 100 gallons each ; the inner large 


circle, referred to by the movable hand, represents 

1.000. 000 gallons for each revolution; it is divided 
into 100 equal parts of 10,000 gallons each. The 
small inner circle represents 10,000,000 gallons for 
each revolution ; it is divided into 10 parts of 

1.000. 000 gallons each. 

In this figure the hand in the small circle has not 
arrived at 1, so that the inner large circle of figures 
only is taken. In this figure the hand is pointing 
to 25, and reads 250,000 gallons, the fixed pointer 
indicates 2,500, so that the meter reading is 252,500 
gallons. 

J. Tylor And Son Patent Rotary Water letar: 
Instructions For Reading The Dial ; 
Registering In Gallons : Fig 4, Plate 193. 

The dial of this meter has five hands or pointers. 
The five hands register respectively 10, 100, 1,000, 

10.000. 100.000. In order to estimate the quantity 
of water which has passed through the meter, it is 
only necessary to add together the quantity regis- 
tered by the various hands of the dial, care being 
taken only to count the completed divisions. 

In the above figure the meter reading is 1,32,490 
gallons. 

J. Tylor And Son Patent Rotary Water Meter : 
Instructions For Reading The Dial 
Registering In Gallons : Fig. 5, Plate 193. 

The dial of this meter has five hands or pointers. 
The five hands register respectively 100, 1,000, 

10.000, 100,000 1,000,000. In order to estimate 
quantity of water which has passed through the 
meter, it is only necessary to add together the 
quantity registered by the various hands of the dial, 
care being taken only to count the completed 
divisions. 

In this figure the meter reading is 3,562,250 
gallons. 

J. Tylor And Son Patent Rotary Water Meter : 
Instructions For Reading The Dial : 
Registering In Gallons : Fig. 6, Plate 193. 

The dial of this meter has five hands or pointers. 
The five bands register respectively 20,1,000, 10,000, 

100.000. 1.000.000. In order to estimate quantity 
of water which has passed through the meter, it is 
only necessary to add together the quantity regis- 
tered by the various hands of the dial, care being 
taken only to count the completed divisions. 

In this figure the mater .reading is 2,741,160 
gallons. 
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List Of The Madms Sanitary Board Type Designs Which Were In Force 
On 1st June 1916 With Corresponding Plate K umbers, 


Type 


Number and date of the 


design 

Description. 

proceedings with which the 

Plata numbers. 

number. 


type design was issued. 


40 

Market, mufassal : 3 sheets 

No. 514/S., dated ISth July 

114 to 119 



1897. 


70 

71 

Weekly market shed for mufassai stations ... 
Do. do. 

No. 579/S., dated 6th Oct. 
1898. 

fl21 and 122 
120 

TA 

Do. do. 

1123 and 124 

89 

Compound walls in different materials 

No. 145/S., dated 1st May 

97 and 98 



1901. 


101 

House latrine of one seat 

No. 150/8., dated 30th Anri! 

21 



1907. 


102 

Eamovable drain coverings unsuited for wheel- 

No. 151/8., dated 30th April 

210 


ed traffic. 

1907. 


103 

Filter trench for a house 

No. 251/8., dated 15th Aug. 

206 



1907. 


104 

Eemovable drain coverings suitable for wheeled 

No. 113/8 , dated 5th March 

211 


traffic. 

1909. 


105 

Flush latrine with three seats 

No. 145/S., dated 20th March 

29 



1909. 


107 

Urinals ... 

No. 125/S., dated 22nd June 

35 and 36 



1910. 


109 

Cheap dwelling house 

No. 24/8., dated 26th Jan. 

9 



1911. 


no 

Bacterial filters (with catch pits) : 2 sheets ... 

No. 96/8., dated 9th March 

207 



1911. 


111 

Municipal workshop ... 

No. 112/8., dated 24th March 

178 



1911. 


112b 

Latrine of 18 seats ... 

No. 338/8., dated 29th Sen. 

17 and 18 



1911. 


113a 

Filter well for the disposal of spill water at 
fountains. 

No. 374/S., dated 19th Oct. 

[179 

113b 

Filter trench for the disposal of spill water at 

1911 . 

il80 


fountains. 



114 

Simple sanitary improvements for conserving 

No. 281/S., dated 4th May 

162 


village tank water supplies. 

1912. 


115 

Administrative block ... 

No. 245/8., dated 19bh March 

39 and 40 



1914. 


116 

Main ward of 40 beds (Medical) .... 


f43 

117 

Do. do. (Surgical) ... 


45 

118 

Special ward for Indians 

1 No. 686/8., dated 10th Dee. 

1 47 and 48 

119 

Do. for Europeans 

j 1912. 

|49 and 50 

120 

Do. for a larger hospital... 


51 and 52 

121 

. Maternity ward 


l53 and 54 

122 

Isolation ward 

Do. 

89 and 90 

123 

Operation theatre 

No. 686/8.. dated 10th Dec. 

59 and 60 

— L- — 

1912 and No. 770/8., 
dated 21st August 1914. 
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Type 


Number and date of the 


design 

Description, 

proceedings with which the 

Plate numbers. 

number, 

type design was issued, 


124 

Door in operation theatre 

• 

/61 

125 

Bathroom 


86 

126 

General store rooms ... 


76 

127 

Kitchen ... 

Ino. 686/S., dated 10th Dec. 

[ 1912. 

177 and 78 

179 and 80 

128 

Door in kitchen 

131 

Quarters for hospital servants (6 compartments). 


81 and 82 

132 

Mortuary... 


87 

133 

Site plan for a general hospital ... 


162 

134 

Main ward of 12 beds 

No. 487/S., dated 8rd Sep. 

46 



1912. 


135 

Scour pipe 

No. 528/8., dated 23rd Sep, 

183 


1912, and 270/S., dated 
23rd Apl. 1913. 



137 

138 

Well fitted with semi-rotary hand pump 

Do. with pump and iron tank with taps. 

No. 554/S., dated 7th Oct. 
1912. 

(153 

■154 

139 

Do. do. elevated masonry reser- 

voir and distribution pipes, etc. 

1155 


140 

Out-patient dispensary for women and children. 

No. l/S., dated 2nd January 

63 and 64 


1913. 


141 

Sub-assistant surgeon’s quarters 

No. 41/S., dated 16th January 

83 and 84 



1913. 


142 

Phthisis ward for 12 beds 

1 No. 243/S., dated 9th April 

55 

56 

143 

Details of shutters in phthisis ward 

I 1913. 

144 

Open well with 1" semi-rotary pumps 

No. 413/S., dated 26th June 

156 

145 

Deep well with pump, and iron tank with 

r 1913. 

157 


taps or masonry reservoir with taps 

No. 490/S., dated 6th August 


146 

Quarters for a civil apothecary or assistant 

85 


surgeon. 

1913. 


147 

An epidemic disease shed 

No. 599/S., dated 20th 

91 and 92 



September 1913. 


148a 

Latrine for an out-patient dispensary 

^No. 918/S., dated 19th 

22 

66 

148b 

Kitchen and store room for dispensary 

December 1913. 

149 

Cheap open corrugated iron latrine of 6 seats ... 

No. 55/S., dated 24th 

19 and 20 



January 1914. 


150 

Air valve pit 

: No. 142/S., dated 19th 

181 



February 1914. 


151 

Deep well (when the maximum water level is 

No. 162/S., dated 26th 

158 


very low) fitted with pumps and tank, 

February 1914. 


152 

House service connection with F water meter. 

No. 174/S., dated 4th March 

182 



1914. f. 


154 

Col Smyth’s Indian commode ... 

No. 269/S,, dated 24th March 

34 



1911 


155 

Slaughter house intended for bullock or sheep... 

No. 3^/S., dated 22nd April 

37 and 38 



1914. 

156 

Conservancy depot. (A model design in 2 

No. 476/S., dated 19th May 

129 to 135 


sheets). 

1911 


157 

Yaceine station ... ... 

No. 539/S., dated 12th June 

88 



1914. 
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Type 


Number and date of the 


design 

Description. 

proceedings with which the 

Plate numbers. 

number. 


type design was issued. 


158 

Oufc‘patieiit dispensary (large) 

1 

67 

158-a 

Do. do. (front! and side ele- 

Lno. 609/S., dated 6th July 

68 


vaMon and section). 

1914. 


158-b 

Do. do. (details of lantern 




and sky light). 

J 

69 and 70 


Markets. 



159 

Typical site plan 



99 

159-a 

Do. 



100 

159.B 

Do. 



101 

159-c 

Market main entrance 



102 

159-d 

Market entrance 



103 

159-e 

Do. 


No. 722/S., dated 15th 

104 

159-P 

Do. Details of mullions for 




upper windows and main arch jamb. 


» August 1914. 

105 

159 G 

Grain and condiment bazaar 



106 

159-h 

Do. do. 



107 

159-1 

Do. do. 



108 

159-J 

Market front corner ... 



109 

159-k 

Vegetable bazaars 



111 and 112 

159-l 

Mutton and beef stalls 



no 

159 m 
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